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TASDA, acronym for Tactical Airborne Sonar Decision Aid,
is a computer simulation designed to select optimum sonobuoy
pattern spacings given environmental parameters and submarine
mode of operation. The program was designed to operate in
a Tactical Support Center for briefing of flight crew person-
nel. Analytical methods and statistical models are used to
investigate the TASDA program with a view towards modifying
it for future aircraft inflight utilization. Some improve-
ments are made to the TASDA model which reduce program run
time and core storage requirements. A modified version of
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I. THE TASDA PROGRAM
A. INTRODUCTION
TASDA, an acronym for Tactical Airborne Sonar Decision
Aid, is a computer simulation program which assists tactical
coordinators of P-3j ASW aircraft, to determine optimum
sonobuoy search patterns and buoy spacing for varying oceano-
graphic conditions, submarine types, and submarine mode of
operation.
Initial specifications for TASDA were written by Mr.
M. L. Metersky of the Naval Air Development Center, Warmin-
ster, Pa., in April, 1971. The computer program was written
by International Business Machines, Inc., under Navy contract
numbers N-62269-72-C042 of January 11, 1972 and
N-62264-73-C0289 of January 25, 1973.
B. NEED FOR SIMULATION
One of the most difficult tasks in antisubmarine warfare
is to obtain an initial contact on a submarine . For patrol
aircraft, the primary means of submarine detection is the
sonobuoy, an air-dropped, expendable, passive sonar device.
The passive sound system of the sonobuoy relies on trans-
mission of submarine acoustic energy in the water for contact
Although active-type sonobuoys are used in ASW, these
are not used for initial detection of submarines.

Detection ranges for passive sonobuoys vary from less than
one mile to several hundred miles. The detection range
depends upon many variables, such as hydrophone depth, sub-
marine depth, condition of detection equipment, noise fre-
quency and intensity generated by the submarine and, above
all, the prevailing seawater conditions. Because of the
numerous variables and their complex dependencies, it is
very difficult, if not impossible, to calculate optimum
sonobuoy patterns and sonobuoy spacing within these patterns,
through the use of deterministic models. However, it is
possible to calculate a probabilistic solution to the prob-
lem of optimum sonobuoy deployment through the use of com-
puter simulation of the real world environment. TASDA is
a laboratory model which was written to show the feasibility
of applying computer simulation techniques to the airborne
ASW problem.
C. DESCRIPTION
The basic simulation approach used in TASDA is to move
a submarine along a randomly selected path within a given
area of ocean which has predetermined seawater characteristics
Several different sonobuoy geometries or patterns are tested
in the ocean area to determine whether the submarine will
be detected. After numerous simulated submarine runs, a
probability of detection (Pd) is calculated for each sono-
buoy ge'ometry and each different spacing within these geom-
etries as the ratio of the number of detections to the total
number of submarine runs.

A more detailed discussion of the TASDA program opera-
tion follows.
The user chooses one of three possible types for
solution:
1. selection of the sonobuoy geometries and spacings
which give detection probabilities equal to or greater than
an input probability;
2. selection of the pattern spacings which maximize
probability of detection for each relevant geometry;
3. selection of the sonobuoy geometry and spacing
which maximize area of coverage for a given minimum Pd
threshold.
Once a problem type has been specified, the user must
then input known or suspected submarine, aircraft, environ-
ment, and sonobuoy characteristics. These include the type
of submarine, either nuclear or conventional; the type of
submarine operation, either transiting or on station; the
submarine speed and, if a conventional submarine, both its
snorkeling and submerged speed; the minimum and maximum times
for snorkeling and submerged operations for conventional
submarines; the coordinates of the area in which a submarine
initiates its motion, and the area to which it is transiting,
or the minimum and maximum bearing angles the submarine
might use in moving from its original position; the operating
depth of the submarine; the minimum and maximum number of
sonobuoys to be considered in a geometry; the number of buoy
information processing channels which the aircraft has
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available; the expected time late for the aircraft arrival
on-station; the radio range of the sonobuoys; the hydrophone
depth of sonobuoys; the desired probability of detection
threshold (not included for probability optimization
problems); the number of figures of merit (FOM) and the
specific FOM values to be tested.
FOM is an acoustic parameter which describes the target,
ocean, receiver, and receiver operator.
FOM = SL - AN - RD
In the above formula, SL represents the target's acoustic
intensity, AN represents the ambient sea noise and RD
represents recognition differential. RD, which takes into
account receiver and display accuracy, and operator ability,
is defined as the minimum signal-to-noise ratio which
enables an operator to detect a target on his receiver or
display equipment 50 percent of the time when a target is
present. All the terms in the above formula are measured
in decibels.
The FOM, combined with the sound propagation loss over
the distance from the submarine to a sonobuoy, determines
whether a detection will be made.
A sound energy propagation loss profile, in one mile
increments out to 204 miles, from a propagation loss program
which is run prior to initiating TASDA, is part of the input.
Although the propagation loss profile dominates the calcula-
tion of meaningful real world numbers, it will not be treated
11

in detail here, because the generation of propagation loss
profiles is beyond the scope of this investigation.
A file of sonobuoy geometries is a necessary input to
the program, but, because of the complex format of the
geometry data, this file must be designed and input prior
to program initiation. This file includes an identification
label for each geometry, the type of submarine operations
for which the pattern is devised, the number of buoys in the
pattern, the buoy subsets to be processed together (if the
aircraft can not process all buoys at once), the monitoring
time of each subset of buoys, a spacing parameter specified
in dimensionless units internal to the program, called grid
units, which determines the relative size of each pattern,
and x and y position of each buoy in a rectangular coordinate
system measured in grid units, spacing ratio increment used
to increase or decrease pattern size, and, finally, a
geometry radius, which is the distance from the center of
2the pattern to the furthest buoy.
The initial step toward the solution of any of the three
problem types is the selection of a buoy geometry which
satisfies the requirement for the minimum and maximum number
of sonobuoys allowed, and which is compatible with the
assumed submarine mode of operation. Once a geometry is
selected, the minimum and maximum plausible spacings between
2The relationship of grid units to final pattern spacing
is discussed in detail in Appendix A.
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the sonobuoys in the pattern calculated. An initial sonobuoy
spacing is calculated which is based on the size of the
operating area input by the user and a spacing parameter
which is a predetermined value calculated for each geometry.
An initial spacing increment is computed in the same manner.
This increment is used to vary the size of the spacing param-
eter which is used to calculate the spacing for successive
probability of detection computations for the selected
geometry. Next, depending on the type of problem selected
by the user, a submarine is simulated to move through the
designated area; its starting position and direction of
movement are calculated at random within prespecified limits.
A pseudo random number generator is used to assign appropriate
randomness to the original position and direction. Movement
of the submarine is done in time steps. A position for the
submarine is calculated for each step, and at each position
a calculation is made to determine whether each buoy in the
geometry is in contact with the submarine. This determina-
tion is based on (a) the range from the submarine to the
sonobuoy, (b) the sound propagation loss profile, and (c)
the POM adjusted on a random basis for each sonobuoy and
for each run of the submarine. If the propagation loss for
the computed sonobuoy to submarine distance is less than
the adjusted FOM, a detection is credited for that run.
When the first detection of a given run occurs, the FOM is
3Sonobuoy pattern spacing and geometry location in the
operating area is discussed in detail in Appendix A.
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increased slightly to adjust for an alerted operator.
Following each run for a given spacing, the probability of
detection is calculated. The sonobuoy pattern spacing is
changed after each set of runs until the probability of
submarine detection specified by the user is exceeded or
a maximum probability of detection has been achieved. Other
parameters of interest are also computed. These include the
Pd for simultaneous detection on three or more buoys, the
mean contact times for single, double and multiple detections
and the mean time to the first submarine detection.
A non-linear program search routine is used to calculate
the spacing increment to be used in determining buoy spacing
and to decide when an optimal probability of detection has
i|
been found. The program tests each sonobuoy geometry in
turn until all pertinent geometries have been exhausted and
all relevant information has been printed.
TASDA was written specifically for two purposes. First
as a laboratory model, it was to demonstrate the feasibility
of simulation as an effective tool to optimize sonobuoy
geometries and spacings under given operating conditions.
Secondly, it was designed to operate in a Tactical Support
Center where results from the model could be used to brief
flight crews prior to an ASW mission.
The non-linear program search routine is discussed in
detail in Appendix B.
14

To ensure that flight crew briefings are complete and
that most ASW situations are covered, the following four
features are incorporated in TASDA.
First, there is a provision to handle up to six given
figures of merit (POM) for any single problem. This allows
the tactical coordinator to be briefed on the best sonobuoy
geometries and spacings available for a given selection of
probable ambient noise conditions which will be encountered
on a mission.
Secondly, it has a sonobuoy monitoring cycle capability.
This permits realistic problem solutions in those situations
where the number of sonobuoys in a pattern exceed the number
of receivers and processing channels available in the air-
craft. Presently, sonobuoy geometries used in TASDA have as
many as 16 buoys, while aircraft processing capabilities vary
from four to 16 channels, depending on the model and its
modifications
.
Third, it has the capacity to generate random snorkel
cycles for conventional submarines to be used in problem
solutions where target submarines are known to be diesel
powered.
Fourth, there are two separate subroutines for calcula-
ting probabilities of detection. One is used to compute a
probability of detection for a given geometry and its spacing
This is utilized when computer run time is critical and
only single probability of detection results are required.
The second subroutine requires more computer time for Pd
15

calculations, but it also computes probabilities for two
and three simultaneous detections by different sonobuoys,
mean time to first detection and mean holding times for
single and multiple sonobuoy detections.
Although most of these features are necessary to accom-
plish the mission for which TASDA was designed, they make




With the advent of the P-3C Update system, the computer
in the aircraft is capable of handling a simulation in addi-
tion to its many other functions. However, TASDA, in its
present form, is too lengthy and too slow to be of any value
to the Update system.
The primary objective of this thesis was to reduce the
size of the current TASDA program and to decrease the program
run time; so it would be feasible for the real time applica-
tions in the P3C 'Update' system. Secondary objectives
included:
1. performing preliminary sensitivity analysis on
variables in the program
2. performing statistical analysis to determine the
number of submarine runs required for given
confidence limits and allowable error percentages
3. reviewing the program to ensure that sound
simulation procedures were used.
There were several sub-models in the TASDA program which
appeared superfluous for an on-board the aircraft, real time
system. Also, there were algorithms used in the TASDA model
which seemed inefficient and which needed to be modified to
achieve a more effective simulation. The following submodels





A. MODIFICATION OF PROBABILITY SUBROUTINES
The TASDA program contained two subroutines which calcu-
lated the probability of detection. The best features of
each subroutine have been combined into a single subroutine.
These subroutines had a substantial amount of similar logic.
The subroutine labeled, PROB, was the more complex of the
two. It calculated not only the probability of a single
detection, but also the probability of two and three or more
simultaneous detections, the mean time to first detection,
and the mean time in contact for one, two, and three or more
simultaneous detections.
The algorithm moved the submarine in steps from its
original position until it reached a precalculated maximum
distance. At each step a new submarine position was computed
together with its distance from each sonobuoy in the pattern.
Sonobuoy to submarine distance was then used as an index in
the propagation loss profile vector to retrieve the appro-
priate propagation loss value. This figure was then compared
to the input FOM modified for sonobuoy and run deviations to
establish whether detection has occurred. Once detection
was gained, the FOM was increased by two decibels to account
for an alerted operator, the various time values were recor-
ded, the number of detections was increased by one and the




In the PROBF subroutine, the maximum possible FOM was
compared with the propagation loss profile vector to secure
the maximum distance at which detection could possibly occur.
For each run of the submarine, the closest point of approach
(CPA) to each sonobuoy was calculated. If CPA was greater
than the maximum detection range for a sonobuoy, that sono-
buoy was deleted from further calculations for the run. If
CPA was less than maximum detection range, the limits along
the submarine track for possible detection were computed.
The submarine was then stepped along only that portion of
its track where possible detection could occur, and submarine
to sonobuoy distances were computed for those buoys, which
had a chance of detection. Once detection was made, the run
was terminated and the number of detections was increased
by one. PROBF was much faster because only sonobuoys which
had a chance of detection were tested and solely for the
relevant portion of the submarine track. Depending on the
FOM and propagation loss profile, large savings in program
run time could be achieved. However, subroutine PROB re-
turned much more information which was useful to the tactical
coordinator in decision making. By combining PROB and PROBF
into a single subroutine, redundant logic was eliminated and
program run time was decreased while the total information
output, currently provided by PROB, was retained.
B. DELETION OF MULTIPLE FOM PROVISION
TASDA presently has provisions to handle up to six given
figures-of-merit for any one problem solution, but, for an
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aircraft system, only one FOM is required. Multiple FOM
calculations are necessary for a shore based TASDA system
to ensure that the tactical coordinator of an ASW flight
crew is briefed for best sonobuoy geometry selection under
a selection of the ambient noise conditions which are most
likely to be encountered during a mission. The incorporation
of the six figures-of-merit option in the program requires
extensive logic and computer memory space, but it was effi-
cient in terms of run time. The alternative would have been
to run the complete program as many times as there were de-
sired solutions for different FOM. However, in a real time
situation, where the aircraft can obtain an on-the-spot
ambient noise reading and compute the FOM, there is need for
only a single FOM capability within the program.
C. DELETION OF SONOBUOY MONITORING CYCLE PROVISION
The logic which determined monitoring cycles for sonobuoy
pattern sub-fields was removed from the program. Present
day P-3 aircraft are able to process and display from four
to 16 channels of sonobuoy information at one time, depending
on the model of aircraft. Because TASDA was designed for
tactical support centers which cater to all models of the
P-3» it was necessary to put logic in the program which de-
veloped sonobuoy monitoring cycles for those aircraft which
are not equipped to receive information from all the sonobuoys
operating at a given instant. However, the P3C has a 16
channel processing capability which is adequate for continuous
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monitoring of all the sonobuoys in patterns which are
currently used in airborne ASW. Therefore, the monitoring
cycle logic for the in-flight program was not required, and
its elimination would decrease overall program size.
D. DELETION OF DIESEL SUBMARINE PROVISION
It appeared reasonable to delete from TASDA the extra
programming logic required for calculating random snorkel
cycles of diesel submarines. The majority of antisubmarine
warfare operations in the future will be in the detection,
localization, and tracking of nuclear submarines. Although
conventional submarines remain a threat today, the major sea
powers are rapidly converting to all nuclear powered under-
sea forces. The requirement for economy in program size in
an in-flight system and the future reduction in the diesel
submarine threat made this change to TASDA appear sound.
E. INCREASED TIME INCREMENT FOR SUBMARINE MOVEMENT
It appeared that program run time could be reduced, if
the time increment used to compute the incremental distance
of submarine movement in the Pd submodel was made a function
of submarine speed. The Pd submodel, used in TASDA, was
tested for submarine detection by comparing a FOM to the
acoustic propagation loss over the distance from a sonobuoy
to the submarine. This test was made after each increment
of submarine movement. The distance increment was calculated
by multiplying the input submarine speed by a fixed time
interval of either two or four minutes. The time interval
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selected was based on the time required for the submarine
to traverse the operating area: if less than two hours,
the two minute interval was used; otherwise, the four minute
interval was used. When submarine speeds of less than 15
knots were used, the resulting distance increment would
always be less than one mile. However, the propagation loss
profile values were figured for one mile increments. There-
fore, many redundant FOM and propagation loss comparisons
would be made whenever submarine speed was less than 15
knots, because the propagation loss value remained the same
until the sonobuoy to submarine distance changed by one mile.
The small time increments in TASDA were necessary when sono-
buoy monitoring cycles were utilized to ensure sonobuoys
were tested for possible submarine detection while the buoys
were being monitored. However, as discussed in Section C,
there is no requirement for the monitoring cycle algorithm
in an airborne TASDA model.
F. INCREASED PROPAGATION LOSS VECTOR INDEX INCREMENT
It appeared possible to decrease program run time by
increasing the index increment size used to retrieve propa-
gation loss values from the propagation loss vector. In
the PROBP subroutine, a decrementing index was used to re-
trieve values from the propagation loss vector; each value
was then tested to determine if it was less than the sonobuoy
FOM. The propagation loss index corresponded to the distance
for which the propagation loss value was figured. When the
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first propagation loss value was found, which was less than
the sonobuoy FOM, its index value was used as the sonobuoy-
to-submarine distance in an algorithm which calculated points
on the submarine track where first and final detection could
occur. By increasing the index increment size, fewer FOM
propagation loss comparisons would be required to obtain
the desired sonobuoy-to-submarine distance and program run
time was reduced.
G. REPLACEMENT OF RANDOM NUMBER GENERATOR SUBROUTINE
Program run time could be decreased by replacing the
random number generator subroutine call instructions with
the random number generator itself. The pseudo random num-
ber generator used in TASDA was written as a subroutine
which contained two Fortran instructions. This subroutine
was called from ten separate instructions within the pro-
gram, but could be exercised over 400,000 times during the
period of a complete program execution. The time to execute
subroutine calls was eliminated at the expense of extra
required memory space.
H. SENSITIVITY ANALYSIS OF SONOBUOY AND RUN DEVIATION
In the real world, there are differences in the sensitiv-
ity of sonobuoys of the same type and manufacture, and dis-
tinct points within a specified area of ocean will have unequal
propagation loss profiles. These variations were introduced
into the program by altering the FOM. Random normal deviations
were produced by an algorithm which utilized pseudo random
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numbers and a given standard deviation. A distinct FOM
value was assigned to each sonobuoy for each submarine run.
This value was the sum of a base FOM plus a random normal
deviation for the sonobuoy plus another random normal devia-
tion for the submarine run. No testing had been carried
out to determine whether the added randomness significantly
changed program results. Preliminary sensitivity analysis
was conducted to determine whether significant differences
existed in program results when sonobuoy and run deviations
were deleted.
I. RANDOM NUMBER GENERATOR SEED REINITIALIZATION
The seed value for the random number generator should
be reinitialized to its original value prior to each set of
submarine runs in the Pd submodel. The TASDA program was
designed to provide ASW flight crews with the best information
on sonobuoy geometries and the spacing of buoys within each
geometry for given sea water conditions and submarine opera-
tions. Since geometries were compared to one another, they
should have been tested under the same conditions; that is,
variables outside the geometry type and sonobuoy spacing
should have been constant for every geometry. In the TASDA
model, this was not the situation, as the random number
generator was initialized with a specific seed value at the
start of the program, then continues to generate different
random numbers throughout the entire solution process. This
procedure produces different submarine tracks for each
24

geometry and for each spacing within the geometry. This
would have little effect on program results if a sufficiently
large number of submarine runs were generated for each
spacing of each geometry; i.e., as the number of runs
approaches infinity, results would approach their true values
Because of time limitations, relatively few runs were gener-
ated for each spacing; so, to reduce the variation between
sets of runs, the seed value should be reinitialized. The
method described will cause identical submarine tracks to
be generated for each spacing and geometry, thus a truer
comparison can be made. This will not eliminate the possi-
bility that the final solution is incorrect, compared to
the true solution for an infinite number of runs; but it
does ensure the best solution for those submarine tracks
which are generated.
J. STATISTICAL ANALYSIS FOR SOLUTION ACCURACY
The concept underlying any simulation is the generation
of probabilistic solutions to problems which can not be
solved by other means. On the assumption that a good random
number generator is used and that the assumptions concerning
real world inputs are correct, the accuracy of simulation
solutions is dependent on the number of program iterations,
or trials, employed. Essentially, as the number of trials
approaches infinity, the simulation solution approaches the
true* solution. Unfortunately, computer run time limits the




must be utilized to determine the number of trials required
for any desired solution accuracy. Submarine runs through a
specified area were the trials in TASDA. However, a set
number of runs were used in this simulation without regard
to solution accuracy. There was a need to statistically
determine the number of submarine runs required for prespeci-
fied solution accuracy under the conditions imposed by a





A version of the TASDA III program was obtained in
December, 1972 from the Naval Air Development Center. The
program was identical to the one being exercised at that time
at NADC on a UNIVAC 1230 computer. However, two subroutines
were missing which had been on a separate magnetic tape at
NADC. The subroutines were the pseudo random number genera-
tor and one which read the geometry files into the program.
These two subroutines were rewritten by the author and placed
in the TASDA program. The program was then exercised in its
many different modes to ensure there were no syntax or logic
errors which would cause the program to fault. There was
no way to compare the results of the program run on the IBM
360 computer at the Naval Postgraduate School with those
obtained at NADC, because the pseudo random number generators
would produce different numbers. Therefore, it was assumed
that the results obtained on the IBM 360 computer were
mechanically correct; that is, they differed from the re-
sults obtained at NADC only because the random numbers were
unequal and not due to program changes. Results obtained
from the basically unaltered TASDA program were saved as
control numbers to ensure later alterations to the program
would not change the basic answers.
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B. MODIFICATION OF THE PROBABILITY SUBROUTINE
The basic concept behind modifying the two probability
subroutines was to reduce the number of times sonobuoys were
tested to determine if they were in contact with the submarine.
In the subroutine, PROB, the submarine was moved along its
entire track in small distance increments. For each incre-
ment, every sonobuoy in the pattern being used was tested
for possible contact with the submarine. This process was
relatively slow in that, for each test, the sonobuoy to
submarine distance had to be figured which required the use
of a square root routine. The subroutine, PROBF, had an
algorithm which, for each sonobuoy, determined whether contact
was possible and, if possible, the points along the submarine's
track where first and last submarine contact could be made.
The basic change to the program was to insert the PROBF
algorithm, just described, into the PROB subroutine prior
to the point where the submarine was stepped along its track.
Then, for each track segment, it was first determined if
each sonobuoy could possibly make contact, prior to testing
if, in fact, it was in contact. The following modifications
5to subroutine PROB were made:
1. Following initialization of variables, the PROBF
algorithm was inserted into the subroutine. This algorithm
5For actual program changes, see Appendix C, and the
listings of subroutine PROB.
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was slightly modified in order to calculate those points
along the sub's track where the first and last possible
contacts by any sonobuoy could occur. These two points
delineated the portion of the track where the sonobuoys
would be tested for contact with the submarine.
2. A flag was set for each sonobuoy that could not
make contact during the current run of the submarine.
3. The initial submarine coordinates were moved to
coincide with the point where the first possible detection
could be made. This eliminated any needless detection
testing prior to possible contact.
4. The total distance the submarine had moved along
its track was calculated to compare with the distance where
last contact could be held by each buoy.
5. A short algorithm was placed at the beginning
of the sonobuoy testing loop to ensure that only those sono-
buoys that were in detection range of the submarine at its
latest position would be tested to be in contact. Three
tests were made. Had the submarine moved past the point
on its track where the indexed sonobuoy could last hold con-
tact? Could the indexed sonobuoy make contact with the sub-
marine during the remaining portion of the submarine run?
Had the submarine reached the point along its track where
the indexed sonobuoy could acquire first contact? If contact
could not be held by the indexed sonobuoy, the program would
loop back to check the next sonobuoy. This reduced to a
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minimum the relatively slow tests to determine whether a
sonobuoy was in contact with the submarine.
C. DELETION OP UNNECESSARY PROVISIONS
The deletion of the programming logic for the provisions
for multiple figures-of-merit , for sonobuoy monitoring cycles,
and for diesel submarine snorkel cycles required a thorough
investigation of each subroutine in the TASDA program to
ensure the remaining program logic would not be altered.
The TASDA program was exercised in all problem modes, with
the same inputs, before and after the logic was deleted from
the program. All problem solutions were identical; so, it
was assumed that the remaining program was not inadvertantly
changed beyond the desired deletions. To save programming
time and computer run time, all three provisions were deleted
at once. Detailed discussion of which logic was removed will
not be set forth in this thesis, because it would be very
lengthy and it is not considered significant to program under-
standing. However, a comparison of the program listings
will show the changes that have been made.
D. INCREASED TIME INCREMENT FOR SUBMARINE MOVEMENT
The following discussion pertains to the TASDA program
without the provisions for sonobuoy monitoring cycles and
submarine snorkel cycles.
Two possible alternatives for increasing or changing the
time increment were investigated. First, the time increment
was removed, as a data statement input, and made a
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user-controlled input. The program was then exercised,
holding all inputs constant, except the time increment. This
was increased for each program run until a significant change
in results was noted. Then, the time increment, prior to
the significant change, was considered the best to use as
an input. However, this was done for only one submarine
speed; so results could vary significantly if a faster
submarine speed were used as an input. The second approach
was to make the time increment a function of submarine speed.
This was done in the main subroutine by setting the time
increment equal to the time it takes the submarine to move
one mile at its input speed. Since the propagation loss
profile is in one mile increments, this assured no propaga-
tion loss value would be overlooked for any sonobuoy as the
submarine was moved along its track. Results from the first
method of obtaining an increased time increment indicated
that significant changes to program solutions do not occur
until the time increment exceeds the time it takes the sub-
marine to move two miles at its input speed; so the formula
was changed to set the time increment equal to the time it
takes the submarine to move two miles at its input speed.
E. INCREASED PROPAGATION LOSS VECTOR INDEX INCREMENT
The following discussion pertains to the probability
subroutine discussed in Section B of this chapter.
The algorithm in the probability subroutine, which
compared a sonobuoy FOM with successive propagation losses
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for decreasing distance increments to determine the distance
where first contact could be made, was altered in the following
manner.
The increment size was changed from a constant equal to
one to a user input variable to allow for ease of testing
different increment sizes and to add flexibility to the
program. When increment size, other than one, was input,
the algorithm would decrease the distance by that amount
after each comparison where propagation loss exceeded FOM,
until either distance went to a negative number or FOM was
greater than or equal to the propagation loss. When distance
became negative, it implied no detection possible on that
sonobuoy, and the procedure was repeated for the next sono-
buoy. When FOM was greater than or equal to propagation
loss, distance was increased by one less than the increment,
the increment was changed to one, and the process of comparing
was continued until FOM was greater than propagation loss
again. Thus, the distance where propagation loss first
becomes less than FOM is realized. This distance is the
value required by the algorithm to compute the initial and
final possible contact points for a sonobuoy.
F. REPLACEMENT OF RANDOM NUMBER GENERATOR SUBROUTINE
The random number generator subroutine was deleted from
the program. The calls to this subroutine were replaced by
the two Fortran instruction
,
pseudo random number generator.
Prior to instituting this change, two small programs were
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written; so the run time difference for a given number of
runs, in executing the instructions of the pseudo random
number generator and in executing a call to a subroutine
which had the identical instructions, could be compared.
G. SENSITIVITY ANALYSIS OF SONOBUOY AND RUN DEVIATIONS
A preliminary analysis of the effects to solution results
in removing the random normal deviations for sonobuoys and/or
for runs was conducted. The program was exercised in four
different configurations while all input variables were held
constant. The four configurations were:
1. sonobuoy and run deviations left in the program
2. sonobuoy deviations removed and run deviations
left in the program
3. run deviations removed and sonobuoy deviations
left in the program
4. both sonobuoy and run deviations removed from
the program.
The results of these program runs were tabulated, comparison
graphs were made of a few selected results, and statistical
analysis was carried out on the probability of detection
solutions for single sonobuoys and on two sonobuoys. The
statistical method employed was to test the hypothesis that
mean values of Pd for two different configurations were the
same over several different sonobuoy spacings. It was assumed
each submarine run was a Bernoulli trial; therefore, the
distribution for Pd for each spacing was binomial. The
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angular, or arcsin, method of variance stabilization was
used, because several binomial distributions were being
averaged. The null hypothesis was that the mean values
of the samples were equal. The alternative hypothesis was
that the mean values were not equal.
H. SEED REINITIALIZATION
The following discussion pertains to the TASDA program
with the provisions for diesel submarine snorkel cycles
removed. Random numbers were generated for three different
algorithms within subroutine PROB. These numbers were
utilized to obtain the submarine's initial position and
course, to calculate a sound energy deviation for each sub-
marine run, and to calculate a sound energy deviation for
each sonobuoy. Because it was desired to compare each spac-
ing and each geometry against the identical set of submarine
tracks and identical FOM values for each sonobuoy, it was
necessary to use two random number generators. One supplied
random numbers for computing run sound energy deviations and
for calculating submarine course and initial position, while
the other was used for generating the sound energy deviations
for each sonobuoy. If only a single random number generator
was employed, the random numbers used for calculating sub-
marine track and run deviations would differ between geometries,
Brownless, K.A., Statistical Theory and Methodology in
Science and Engineering




using unequal numbers of sonobuoys. The random number
generator used in TASDA generates each successive seed value
from the previous seed value; so to ensure identical random
numbers between two geometries, not only do the seeds have
to be reinitialized before each call on the PROS subroutine,
but also the quantity of random numbers must be equal. When
the number of sonobuoys between two patterns vary, the quan-
tity of random numbers used for each submarine run during
Pd calculations will not be equal. Therefore, after the
first submarine run, the random numbers for computing sub-
marine tracks, run deviations, and sonobuoy deviations would
be different for the two geometries; thus, different sub-
marine tracks and FOM values would result. By using two
random number generators, the random numbers for calculating
submarine tracks and run deviations could be kept apart
from the effects of unequal sonobuoy numbers between different
geometries
.
An alternative to reinitializing the seed value for the
random number generator was also investigated. Instead of
reinitializing the seed value, an algorithm was placed in
the PROB subroutine which stored in computer memory each
submarine track and sonobuoy FOM value for the first geometry
and spacing tested during program operation. These stored
values were then retrieved from memory for all successive
spacings and geometries during Pd calculations. This achieved
the same result of comparing identical submarine track and
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sonobuoy FOM values between geometries and spacings that
seed reinitialization did.
I. STATISTICAL ANALYSIS
The method employed for statistical analysis for the
number of submarine runs required was to assume each run was
a Bernouilli trial; that is, for each run, the submarine was
either detected or not detected. The outcome of each run
was assumed to be an independent random variable . The above
assumption was considered valid, because the submarine track
is generated by the use of random numbers. Further, since
the true Pd is always an unknown quantity, it was desirous
to measure the probability that the sample Pd, obtained as a
solution, would differ from the true Pd by a given percentage




-f - p| 1 ep} = 1-a
where S = total number of detections
N = total number of runs
p = the true Pd (always unknown)
e = percent allowable error
1-a = probability that sample Pd varies from true
Pd by less than allowable percentage of
true Pd
With the above assumptions and relation, the central limit
theorem was used to calculate the approximate number of
trials required to assure that the program solution for Pd
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is within a specified percentage of the true p (unknown) for
7
a given confidence level.
K
N = (
(l-aK 2 1 -p
where K /n % = the ± Z value or the standard normal deviations(1-ot)
corresponding to the area under the standard
normal curve represented by the confidence
level (1-ct).
This equation was not made an integral part of the TASDA
program, but was investigated to determine the number of
submarine runs required for various error allowances and
confidence levels where true probabilities of detection were
assumed.
7Hoel, P. G., Port, S. C, Stone, C. J., Introduction to
Probability Theory
, pp. 190-191, Houghton Mifflin Co., 1971.
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IV. RESULTS AND CONCLUSIONS
A . FORWARD
Results relating to computer run time and computer core
area are based on the use of the Fortran IV programming
language, and the IBM 360/67 computer which are employed at
the Naval Postgraduate School, Monterey, California. Program
results obtained from other computer facilities utilizing
a different computer system could vary quite markedly from
those reported here. Run time results do not include
compile or high speed printer time; however, such results
can vary a few seconds from actual run time because of
computer interrupts.
Three separate versions of the TASDA program are men-
tioned in the text. TASDA Mod III refers to that program
received from the Naval Air Development Center, which remains
unaltered with the exception of those changes necessary to
make the program run on the IBM 36O computer used at the
Naval Postgraduate School. TASDA UPDATE refers to an altered
TASDA Mod III program in which the subroutines PROB and PROBF
have been replaced by a single subroutine incorporating
features from both of them. TASDA AC refers to the TASDA




B. MODIFICATION OF THE PROBABILITY SUBROUTINE
After the new probability subroutine had been written and
debugged, so that the TASDA update program solutions were
identical to those obtained from the TASDA Mod III program,
the following test runs were made on each program to compare
run times.
1. Program set up included the following inputs:
threshold of Pd = .85, transiting nuclear submarine, eight
channels of monitoring capability, submarine speed - 15 kts.,
one figure of merit = 80, propagation loss profile formula
utilized, area of transit equal 280 by 100 nautical miles,
total operation area equal 320 by 100 nautical miles, ten
submarine runs per probability calculation.
The run time for the TASDA Mod III program utilizing
the PROB subroutine equaled 2 minutes 45 seconds and, utiliz-
ing PROBF, equaled 11 seconds; the run time for the TASDA
UPDATE program equaled 15 seconds.
2. Program set up the same as above with the following
exceptions: problem was area maximization with a holding
submarine, and maximum distance equaled 150 nautical miles.
The TASDA Mod III program run time utilizing the PROB
subroutine equaled 3 minutes 44 seconds, while it took the
TASDA UPDATE program 23 seconds to obtain the same results.
The PROBF subroutine may not be used when the area maximiza-
tion problem is selected. The number of computer words used
for each subroutine was 1365 for PROB, 1372 for PROBF, and
1674 for the modified PROB subroutine.
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The program run time, when the modified subroutine
was used, was obviously much faster than when PROB was used;
yet, the same results were realized. There was a small
increase in run time when the modified subroutine was com-
pared with PROBF; but this was not considered significant,
because of the extra information obtained when using the
modified subroutine.
Although the modified subroutine is more than 300
words longer than either PROB or PROBF, there was a net
savings of 1063 words when the two subroutines were replaced
by the modified one.
C. ELIMINATION OF PROVISIONS
The elimination of the provisions for the multiple FOM
capability, diesel submarine snorkel cycles, and sonobuoy
monitoring cycles had no significant effect on program run
time. A comparison test was conducted where program set up
was such that these provisions were not utilized in the
TASDA Mod III program.
Set up was as follows:
nuclear transiting submarine, one FOM = 80, 16 sono-
buoy monitoring capability, ten submarine runs per probability
calculation. Both programs did include the new Pd subroutine
to save computer run time. There was no appreciable differ-
ence in run time between the two programs. For the TASDA
Mod III program, run time equaled 12.05 seconds, while the
TASDA AC program ran 11. 91 seconds to achieve the same
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solutions. This was expected, as both programs used essen-
tialy the same statements which asked the type of submarine
and the number of monitoring channels available which were
included in the unaltered program. Overall program size was
reduced significantly with the removal of the above named
provisions. TASDA Mod III required approximately 32,000 words
of core memory, while the TASDA AC program required approxi-
mately 19,000 words of memory for a reduction of 13,000 words,
o
a 40.5 percent reduction. Therefore, it appeared worthwhile
to remove the previously discussed provisions for an aircraft
TASDA system.
D. INCREASED TIME INCREMENT FOR SUBMARINE MOVEMENT
1 . Tests of Different Time Increments
The TASDA Mod III program used time increments of two
minutes for the small step size and four minutes for the
large step size. To test the effect these time increments
had on program run time, the TASDA AC program was exercised
with seven different sets of time increments: 2-4 minutes,
4-8 minutes, 5-10 minutes, 6-12 minutes, 7-14 minutes,
8-16 minutes, 9-18 minutes. The program set up was as
follows: nuclear transiting submarine, 15 knot speed,
320 by 100 nautical mile area, optimum Pd threshold, propa-
gation loss formula used, 100 runs per probability calcula-
tion. Since the area was large, the greatest time increment
of each set was utilized by the program. The 15 knot
o
Total program core memory requirement is printed out in
500 word increments, up to the next 500 words.
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submarine speed was used to establish a base set of Pd
figures, because the test for Pd would occur at a maximum
of one mile increment change in distance from submarine to
sonobuoy; so no propagation loss values would be missed.
The results are listed in Table I. Program run time decreased
as the time increment for step size increased. However, the
run time decreased at a decreasing rate. The reduction in
run time was 27.2 percent between time increments of four
and eight minutes, 6.7 percent between eight and ten minutes,
4.6 percent between 12 and Ik minutes, and 1.7 percent
between 16 and 18 minutes. The percentages cited can not be
treated in absolute values; because, as was earlier stated,
program run times which are printed out can vary a few
seconds, depending on the number of computer interrupts
generated during the period the program is running.
The sonobuoy spacing solution for a given geometry
did not change for any of the time increments.
Detection probabilities decreased as the time incre-
ment increased, which was expected; because minimum sonobuoy
to submarine distances would be bypassed, thus decreasing
the chance that FOM would be tested against the propagation
loss value associated with the shortest distance. Except for
convergence zones, propagation loss values are normally
smaller at shorter ranges. There was no discernible rate of
drop off of Pd values, and, for the five geometries tested,
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The test was run a second time, utilizing a different
initial seed value for the pseudo random number generator.
The results, which are listed in Table II, were very similar
to those in the first test, except for a logic weakness in
the search algorithm which caused erroneous solutions for one
of the geometries. The search algorithm will be discussed
later in this chapter.
It was concluded that program run time can be effec-
tively reduced by increasing the time step increment. There
will be a reduction in the values of Pd, but best spacings
for each geometry will not change. It should be restated
that these results and conclusions pertain to the TASDA AC
program in which sonobuoy monitoring cycles and submarine
snorkel cycles were removed. It appears evident that dif-
ferent results would be obtained if these features were
exercised with a larger time step, because detection oppor-
tunities would be lost when a sonobuoy monitoring event or a
snorkel cycle were overstepped by a large step size.
After the time increment was made a function of sub-
marine speed, the program was exercised with three different
input speeds — 5 5 15 > and 20 knots. The program solutions
for all detection probabilities were identical, but the mean
holding times varied inversely to the submarine speed. This
was as expected, because the step distance increment is
treated as a constant value when the step time value is made
a function of submarine speed: the equation used being,
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PROGRAM RUN TIME FCR
VARIEC TIME INCREMENTS
TIME STEP RUN TIME
***
4 I MIN 26 SEC
8 1 MIN 02 SEC
10 MIN 57 SEC
14 1 MIN oe SEC





60) divided by submarine speed. The above equation also
explains the reason for the changing of the mean holding
times. Program run times for the different speed inputs
varied within two seconds of each other. Again, this result
was expected, because the program operated with identical
figures with the exception of time values which are only
summed for mean holding time and mean time to first detec-
tion read-outs. Program run times were also within a few
seconds of the run time of the unaltered TASDA AC program,
where input time increment step size resulted in a two mile
distance increment.
It was concluded that the TASDA AC program could be
more effectively written by changing the time step increment
from a fixed input value to a value which is a function of
submarine speed. This would eliminate the possibility of
making redundant POM versus propagation loss comparisons
when the submarine's speed is such that it would move less
than one mile in a fixed time step. However, by increasing
the constant step distance used in the equation, the same
program run time savings are realized; and once step distance
is set, program run times and Pd results will no longer vary
with different input submarine speeds.
E. INCREASED PROPAGATION LOSS VECTOR INDEX INCREMENT
The TASDA AC program was used to test the new algorithm
which determined at which range the submarine could first be
detected by a given sonobuoy. Program initial set up was:
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transiting submarine, speed 15 knots, optimum Pd, FOM = 75,
100 runs, 64 points of propagation loss data. The propaga-
tion loss data were obtained from Fleet Weather Central Naval
Facility at Monterey, California. These data, listed in
Table III, were calculated from actual oceanographic infor-
mation and were specifically chosen, because convergent zone
conditions were represented. One, three, and ten mile values
were used as the index increment on successive program runs.
Program run time decreased from four minutes 31 seconds for
the one mile index increment, to three minutes 26 seconds
for the three mile increment, and one minute 52 seconds for
the ten mile increment. It should be noted that run times
were considerably higher when actual propagation loss data
were used rather than the propagation loss formula.
Final program solution results, which are listed in
Table IV, were identical for optimum sonobuoy spacing for
each geometry tested, using the three different index incre-
ments. There was one exception at the increment size of ten
for geometry NT-8, but this was caused by a weakness in the
search algorithm. This weakness is discussed in Section J
of this chapter. Probability of detection for single and
multiple sonobuoy contacts decreased as the index increment
was increased. This was expected, because convergence zone
detections can be lost when best propagation loss values in
a convergence zone are not tested against sonobuoy FOM.
This can occur any time the index increment is greater than
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index increment size increases. Pd for single sonobuoy
contacts did not differ between increment sizes of one and
three, but varied from one to seven percent between increments
of one and ten. However, Pd for multiple simultaneous
contacts varied as much as 36 percent.
It was concluded that program run time could be decreased
significantly by increasing the index increment for the pro-
pagation loss profile vector. There would be a small cost
in required memory space and a loss in Pd for single and
multiple simultaneous contacts.
F. REPLACEMENT OF RANDOM NUMBER GENERATOR SUBROUTINE
A small algorithm was placed in the TASDA program to
count the number of times the random number generator was
called for each program run. For the TASDA AC program, where
the number of submarine runs per probability calculation was
set to 100, the random number generator was used an average
of 450,000 times per program run. This average figure was
then used in the two programs, written to test run times
for straight execution of the random number generator and for
the execution with a subroutine call. The time for execution
of only the instructions was 19 seconds, while the execution
of the subroutine call plus the instructions was 47 seconds.
The two FORTRAN instructions required for the random number
generator were compiled into 15 machine instructions, the
subroutine compiled into 51 machine instructions, and each
subroutine call required five machine instructions; so, to
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replace the ten random number generator subroutine calls
with the random number generators, costs 49 additional
memory locations.
It was concluded that run time can be decreased by not
using the random number generator in a subroutine. Time
savings becomes a function of the user input of the number
of submarine runs used per probability calculation, and it
is significant for problems where 100 runs or more are
designated.
G. SENSITIVITY ANALYSIS ON S0N0BU0Y AND RUN DEVIATIONS
The program run set up for the statistical analysis
was a nuclear, transiting submarine, 15 knot speed, one
FOM = 75* threshold optimum and propagation loss formula} 250
runs per probability calculation. Program results are listed
in Tables V, VI, and VII. Three different geometries were
tested at a level of significance of 0.05. The null hypoth-
esis, that the means for Pd were equal for different con-
figurations, was rejected if the test statistic was greater
than K/.. s or 1.96. Test statistics are listed in Table 8.(1-ct)
There was no significant difference at 0.05 LOS for single
buoy Pd for programs run with both sonobuoy and run devia-
tions included and programs run with only run deviations
included. This was true for all three geometries. There
were significant differences for single buoy Pd between runs
with both sonobuoy and run deviations included and runs with
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TEST STATISTICS FOR SENSITIVITY ANALYSIS
CIFFERENCE IN MEANS EETkEEN TWO SETS
CF BINOMIAL D
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the three geometries when the testing was between runs with
both deviations in the program and only buoy deviations in
the program. For two geometries, single buoy Pds were
significantly different, but for the third geometry there
was no significant difference. There were significant
differences for Pds of simultaneous contact on two or more
sonobuoys, when buoy or run deviations were deleted from
the program.
Figures 1, 2, 3» and 4 illustrate examples of (a) no
significant difference for single buoy Pd when sonobuoy
deviations were deleted; (b) no significant difference for
single buoy Pd when run deviations were deleted; (c) signi-
ficant difference for single buoy Pd when run deviations were
deleted; (d) significant difference for multiple buoy Pd
when buoy deviations were deleted. These graphs begin on
page 57.
Program run times for the four configurations were as
follows: buoy and run deviations in, two minutes 5^ seconds;
only buoy deviations, two minutes 27 seconds; only run devia-
tions, one minute 53 seconds; buoy and run deviations deleted,
one minute 16 seconds.
It was concluded that, on this preliminary analysis, pro-
gram run time could be reduced approximately 35 percent by
removing sonobuoy uncertainties from the program, and this
would not significantly change the results of single sonobuoy
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would be significantly altered. Removal of run uncertain-
ties, or both buoy and run uncertainties, would significantly
change program results, although run time economies could be
realized.
H. REINITIALIZATION OF RANDOM NUMBER GENERATOR SEED
1 . Seed Reinitialization
Two complete TASDA AC program runs were made — one
with seed reinitialization and one without — to test run
time, program size and solution results. Program setup was
as follows: nuclear transiting submarine, speed 15 knots,
FOM = 75a threshold optimum, propagation loss formula and
100 runs per probability calculation. Results are listed
in Table 9« There was no increase in program size, because
only the place in the program where the seed was initialized
was changed. Seed initialization was moved from the main
program where it was done only once to the subroutine, TRSH,
where the seed would be reinitialized prior to each call on
subroutine, PROB.
Program run times were not compared because the pro-
gram with seed reinitialization tested five more sonobuoy
spacings for Pd than the program without reinitialization.
Using the same statistical test as described in Chapter III.,
Section H, program solution results were significantly dif-
ferent at a 95 percent level of confidence for two of the
five geometries tested. It was concluded the 100 runs per
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would be no significant differences between program results
for runs with and without seed reinitialization.
2. Storage of Submarine Track and FOM Values
One TASDA AC program run was made, using the iden-
tical program set up which was utilized for the seed reini-
tialization program. Program results were the same as the
seed reinitialization program. This was expected, because
identical inputs and random number values were used. The
only difference in the programs was that one recalculated
track and FOM values for Pd calculations, while the other
program stored the original values and then retrieved them
for each Pd calculation. The stored value program run time
was 48 seconds and the reinitialized seed program run time
was 66 seconds. The program which utilized the stored
track and FOM values required 2000 additional words of core
memory. There was a requirement for 20 extra words of
computer memory for each submarine run used in Pd calcula-
tions. The 20 locations included 16 for FOM values for each
sonobuoy, two for the X and Y coordinates of the submarine's
original position and two for sine and cosine values of the
submarine's course. It was concluded that a substantial
amount of run time could be saved by storing submarine track
values and FOM values for each sonobuoy, but this would be
at the expense of using additional core memory.
I. STATISTICAL ANALYSIS
The equation discussed in Chapter III, Section J,




the number of submarine runs required to obtain statistical
accuracy for given confidence levels and allowable percen-
tages of error. Since the true Pd is never known, the most
conservative measure for calculating N was used. By setting
p equal to .5, the maximum value of —2. was obtained. If
the value, 1-p, becomes greater than p, the criterion for
p would be changed; i.e., p would be set equal to proba-
bility of no detection; so that value -=^ - would remain less
than one. The solutions for four sets of values for 1-a
and e were then computed. These were as follows:
1-a = .95 K (1_a)
= 1.96
e = .05 Result N = 1537
1-a = .95 K
(]__a)
= 1.96
e = .10 Result N = 376
1-a = .90 K, n v = 1.645(1-a)
e = .10 Result N = 270
1-a = .90 K,.. v = 1.645(1-a)
e = .15 Result N = 120
The above results were the most conservative, no matter
what the true value of p. Stated in another way, if in fact
the true value for p was equal to .80 and a ten percent
error were allowed, then for 270 submarine runs used to
determine a Pd, one could be 90 percent confident that the
solution would be between .72 and .88. However, the user
never knows the true Pd, but only the sample Pd from the
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program solution; so, using the sample result, the following
could be concluded:
Let the sample solution equal .75. It was known for
270 runs that, at a 90 percent confidence level, .75 is
within ten percent of the true Pd or p-.lOx p <_ .75 < p + .10p
Solving for p, it is determined that the true value for p
would lie within the interval from .675 to .825. Since the
270 runs were based on a p equal to .50, and the worst case
was p equal .67, the error percent could be readjusted by
replugging the equation with the values 270 = ( ) x ^-^y
or e = .071 > which implies for 270 runs the true p lies in
the interval .695 to .80 for the stated confidence level of
.90.
It should be observed that the number of runs in the
model used, is more sensitive to changes in the percent of
allowable error than to the confidence level. The reason
for this was the percent allowable error values were normally
chosen in a region of 10~
,
while the z values were on a
scale of 10
,
thus the squared value of e has a magnitude
greater change than the squared value of K/, x.
J. THE SEARCH ALGORITHM
The search algorithm used in TASDA, as described in
Appendix II, appeared to have a weakness in its logic. After
a Pd has been calculated for the first sonobuoy spacing, the
spacing is always increased for the next Pd calculation, and
will continue to be increased for successive Pd calculations,
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until either Pd decreases or the spacing limit is reached.
If the Pd decreases, for the second calculation, then the
spacing is reduced to less than that of the original spacing,
and subsequent spacings will be made smaller, until Pd
decreases or other stopping criteria are met. During actual
program operation, if the second Pd calculation was greater
than the first, and the third Pd calculation was smaller than
the second, search stop criteria would be met; and the second
sonobuoy spacing would be selected as the optimum spacing
for the current geometry. Thus, there was no Pd calculation
made for a spacing which was less than the original spacing.
On two occasions, during program execution, a smaller spacing
than the original one would have yielded a much higher Pd,
if it had been tested; but a search stop criterion was met
first. These results were confirmed by forcing a smaller
spacing on the search algorithm with identical program setup.
If real world Pd versus sonobuoy spacing was a unimodal
function, the above mentioned weakness of the search algorithm
could still be displayed because of the relatively small
number of submarine runs used for each Pd calculation.
Therefore, although the search algorithm was designed to
locate an optimum Pd and to start with a best guess spacing,
this model can be trapped into finding a suboptimal Pd and
sonobuoy spacing; because, under certain conditions, testing




A. REPLACE PROB AND PROBF
The two subroutines, PROB and PROBF, should be replaced
in the current TASDA MOD III program by the modified PROB
subroutine. The savings in time and core memory for the
full information program far overshadow the small loss in
program run time by the elimination of PROBF, which only
yields limited information.
B. ELIMINATION OF PROVISIONS
For a TASDA program designed for real time in flight
operation, the provisions for sonobuoy monitoring cycles
and multiple FOM capability should be eliminated from the
program to reduce program size. Further investigation is
necessary to determine the need for the snorkel cycle option,
because of the many third power countries in the world
which can pose a conventional submarine threat.
C. INCREASED TIME INCREMENT
The time increment in the current TASDA MOD III program
should be increased to ten or 12 minutes to take advantage
of program run time savings. However, if short snorkel
cycles or sonobuoy monitoring cycles are going to be used
for a given program run, the time increment should be smaller
than the minimum cycle time; so that cycles are not overstepped.
For the aircraft version of TASDA, where sonobuoy monitoring
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cycles and snorkel cycles are deleted from the program, the
time increment should be made a function of submarine speed.
However, further investigation is needed to determine the
best step distance increment to use as a multiplier in the
suggested equation.
D. PROPAGATION LOSS VECTOR INDEX INCREMENT
The propagation loss vector index increment should be
increased in the current TASDA program and in any subsequent
flying version. The time savings are sufficient to make the
decrease in Pd values worthwhile. More investigation in
the area is required to determine the amount the increment
should be increased for the optimum trade-off between Pd
loss and decreased program run time. However, index incre-
ment values of three or four would be safe where oceanographic
conditions are not expected to include very small convergence
zones.
E. REPLACEMENT OF RANDOM NUMBER GENERATOR SUBROUTINE
The random number generator should be deleted as a sub-
routine, and incorporated into TASDA as an algorithm at each
position where the calls to the random number generator sub-
routine now exist. The saving in program run time is large
enough to justify the added memory space required.
P. SENSITIVITY ANALYSIS ON SONOBUOY AND RUN DEVIATIONS
Although a time savings can be realized without signifi-
cantly changing program results by deleting the sonobuoy
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uncertainties, there is a need for further investigation in
this area prior to taking such action. The investigation
completed was preliminary and the standard deviation value
input for the buoys was neither questioned nor altered;
so, without further testing, it appears inadvisable to
remove this element from the program.
G. SEED REINITIALIZATION
The random number generator seed should be reinitialized
prior to each call on the subroutine PROB or the PROB sub-
routine should be rewritten to include storage of submarine
track and FOM values. For seed reinitialization, there is
no additional memory space required and little run time will
be added to the TASDA MOD III or TASDA AC programs. For
track and FOM storage, substantial run time savings can be
realized if core storage is available . Either method will
ensure the best program solutions are obtained for the
submarine tracks generated.
H. STATISTICAL ANALYSIS
Users of the TASDA program should be made aware of the
consequences of using too few submarine runs per probability
calculation in order to save computer run time. Knowledge
of the confidence level and percent error realized for a
given number of submarine runs will assist the user in




I. THE SEARCH ALGORITHM
There is a need to correct the weakness in the search
algorithm. Too often, the conditions were met which cause
the algorithm to terminate prior to searching a spacing
less than the original spacing when the optimum spacing was




SONOBUOY SPACING AND GEOMETRY LOCATION IN TASDA
Sonobuoy geometries are predetermined patterns which are
input to the TASDA program in a specified manner. Presently,
the program is limited to 16 sonobuoys for any one geometry.
Before describing how ultimate spacing is obtained for any
one geometry, several word definitions are necessary.
Grid : A cartesian (rectangular) coordinate system
having dimensionless units with its origin at the point (0,0)
Each sonobuoy position in a geometry is designated by an X
and a Y coordinate value in grid units which positively
locates the sonobuoy relative to the origin.
Spacing grid parameter : A predetermined value for each
geometry which is a geometry input. This value is used as
one of the factors in obtaining an initial spacing ratio.
The spacing grid parameter is based on a nominal real world
spacing of a given sonobuoy geometry and an average size
search area. Two spacing grid parameters can be used for
a given geometry. If the geometry is used for detection of
both transiting and holding submarines, then two values
would be placed in the geometry input data. Program words
for these parameters are: SPGRT, spacing grid parameter
transiting; SPGRH, spacing grid parameter holding.
Spacing grid increment parameter : A predetermined value
for each geometry based on the value of the spacing grid
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parameter. This value is used to calculate the initial
increment for changing the spacing ratio when the program is
using the search routine to obtain an optimal sonobuoy
spacing. Two spacing grid increment parameters are input
with the geometry data whenever the geometry is used for
detection of both transiting and holding submarines. Pro-
gram words for these parameters are: SPIGRT, spacing grid
increment parameter transiting; SPIGRH, spacing grid increment
parameter holding.
Spacing ratio : This value is somewhat a misnomer, since
it is the product of two values and is used as the multiplier
of grid units to convert them to nautical miles. The spacing
ratio is initially computed by multiplying the spacing grid
parameter by the approximate radius of the operating area.
It may be considered the ratio of the geometry measured in
nautical miles to the geometry measured in grid units. The
initial value of the spacing ratio is incrementally changed
by the spacing increment during the program, in order to
achieve a spacing within the sonobuoy geometry which yields
either an optimum probability of detection or a probability
of detection which exceeds a threshold input by the user.
The program word for spacing ratio is SP(i). This, being
a vector of six words, in order to accommodate up to six
different figures of merit.
Maximum spacing ratio : (SPMAX) This value is the
maximum spacing ratio allowed for a given geometry. It is
determined by dividing the maximum radio range in nautical
miles by the geometry radius in grid units.
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Minimum spacing ratio : (SPMIN) This value is the
minimum allowable spacing ratio for a given geometry. It
is determined by dividing a spacing granularity factor
measured in nautical miles by the spacing in grid units
between the first and second sonobuoy of the selected
geometry.
The basic idea behind calculating the spacing for sono-
buoy geometries is to obtain a spacing which yields an op-
timal probability of submarine detection in a minimum amount
of program run time. To accomplish the above task, a good
first guess of spacing is necessary in order to minimize the
number of spacings to be tested for a given geometry. This
is done by adjusting what is normally considered the best
buoy spacing for the geometry. This adjustment is made based
on the size of the operating area which is an input by the
user. For example, if the nominal sonobuoy spacing of a
particular pattern is 30 nautical miles when given a large
search area, it is logical to assume that, given a confined
search area, a smaller spacing between buoys would produce
better results.
In actual program operation, the initial spacing ratio
is determined as follows:
For transiting submarine problems, the user inputs eight
coordinate positions in nautical miles, based on a cartesian
coordinate system. Four coordinates labeled XS1, XS2, YS1,
YS2, determine the starting rectangle for the submarine and
four coordinates determine the finishing rectangle for the
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submarine. The program calculates the greatest X distance
and the greatest Y distance for the input operating area.
The approximate radius of the operating area is then determined
to be 0.5 times the maximum of the X and Y distances. For
the frontal coverage problem, the approximate radius is 0.5
times the frontal coverage distance. For holding submarines,
approximate area radius is defined as 0.5 times the largest
side of the submarine's initial starting rectangle, plus the
distance the submarine will move prior to the arrival of the
aircraft on station, plus the maximum distance the submarine
can move. This maximum distance is a user controlled input
parameter to the program.
The approximate area radius, labeled CDX in the program,
represents area size. This is multiplied by the spacing
grid parameter, representing nominal buoy spacing for a
given geometry, to produce the initial spacing ratio. The
initial calculated spacing ratio is then used as a multiplier
of X and Y buoy coordinates in grid units to convert the
coordinate to nautical mile units. The equations below are
listed to indicate how grid units are transformed to nautical
miles.
SP(nautical miles) = CDX (nautical miles) x
SPGRT (dimensionless)
Equation for the derivation of spacing ratio by definition,
qp ^,„f n-„oi -.-i-i^eO- (X,Y coordinate positions) (naut. mileor (.nautical milesj= /v w ti r— — . , . n—
7




X,Y coordinate position (nautical miles) =
SP (nautical miles) x (X,Y coordinate positions) (grid units)
The program assumes that the coordinate systems origins
for the sonobuoy geometry and the submarine operating area
are the same. To ensure that the sonobuoy geometry is lo-
cated at the center of the operating area, operating area
coordinates input by the user must be arranged in such a
manner that the geometric center of the input area coincides
with the 0,0 position or origin. This avoids additional
program logic to compute area center and, either relocate
all buoy positions to correspond to it, or relocate area





DOCUMENTATION OF SEARCH ALGORITHM
To ensure there was no misunderstanding, Appendix B is




This subroutine finds a spacing-ratio for which the corres-
ponding optimizing variable(s) either exceeds the threshold
or is sufficiently close to the optimum value. Given a
spacing ratio SP and a set of buoy coordinates (KSB(I),
KYB(I)) (1=1,2, ..., NB) expressed in grid units, the buoy
coordinates in nautical miles are (SP*KXB(I), SP*KYB(I)).
The values of spacing-ratio to be tested must lie in the
interval SPMIN<SP<SPMAX. SPMIN and SPMAX were computed in
geometry selection.
A search algorithm is used to find the desired spacing ratio
This algorithm computes the optimizing variable (s) for a
sequence of spacing ratios SP~ , SP-, , ..., SP . The next
spacing ratio SP ., is determined from values of SP.(l<i<n)
and from optimizing variable(s) values computed at these
points.
o
Naval Air Development Center, Functional Specification,
TASDA III, Program for Optimal Geometric Selection
, pp
.




If the variable to be optimized is the default variable, the
speeded up probability calculations are used; otherwise, the
complete set of probability calculations are done. The proba-
bility subroutines compute probabilities for several figures-
of-merit simultaneously; the time required for computing
several probabilities is only slightly greater than the time
required for computing one probability. Thus a considerable
savings can be realized if the search algorithm is performed
in parallel as much as possible for the input figures-of-
merit.
The set of figures-of-merit is partitioned into subsets; in
the course of the search algorithm the same sequence of
spacing ratios applies to all figure-of-merit in a subset.
If the search algorithm specified different values of SP ,
for different figures-of-merit in a subset, or if the search
algorithm terminates for some but not all figures-of-merit
in a subset, the subset must be split into two or more finer
subsets.
In solving the area maximization problem this subroutine is
used to find threshold or optimum optimizing variable (s),
where the submarine traverses an area specified by the input
coverage dimension. This subroutine is used repeatedly
until the maximum acceptable coverage dimension is found.
Thus at the subroutine entry point the set of figures-of-
merit may already have been partitioned due to differences




The subroutine inputs include the number, NFMS, of figure-of-
merit subsets, the indexes of the figures-of-merit in each
subset, the initial guesses SP(1), ..., SP(NPMS) of spacing
ratios for each of the subsets, and the initial spacing-
ratio increments (SPI(l), ..., SPI(NFMS). The search algo-
rithm is expressed in terms of state-transitions of the
states of the figure-of-merit subsets. In order to define
the states the following notation is adopted P(x) denote
a vector P-,(x), ..., PNpM (x) of the optimizing variable(s)
computed at spacing ratio x for the NFM figures-of-merit in




i=l, ..., NFM". The relations "P(x)<P(y)", "P(x)>P(y) n
,
and "P(x)>P(y) ,T are similarly defined. SP and SPI denote
values of spacing-ratio and spacing-ratio increment respec-
tively. SP is positive, and SPI may be positive or negative,
State - This is the initial state for all subsets. It de-
notes that no probability calculations have been performed.
State 1 - Probability values P(SP) for a single spacing-
ratio have been obtained.
State 2 - All optimizing variable (s) computed thus far have
increased monotonically with increasing or decreasing




State 3 - An approximation to the optimum spacing-ratio has
been made to within SPI. Three vectors are available satis-
fying the relation P(SP-SPI)£P(SP)_>P(SP+SPI) .
State 4 - The first of two steps in improving the approxima-
tion to the optimum spacing has been performed. Three
vectors are available satisfying the relation P(SP-SPI)<_
P(SP)_>P(SP+2*SPI) . The 2nd step is the computation at
SP+SPI.
State 5 - All optimizing variables calculated thus far have
increased monotonically with increasing or decreasing
spacing-ratio, and the most recent spacing-ratio is very
close to SPMIN or SPMAX. P(SP) <P(SP+2SPI) , and either
SP+3*SPI>SPMAX or SP3*SPI<SPMIN.
State 6 - All optimizing variables calculated thus far have
increased monotonically with increasing or decreasing
spacing-ratio, and the distance between the most recent
spacing-ratio and one of the limits (SPMIN or SPMAX) was
SPIbetween
—
^— and SPI. The value of SPI was accordingly
changed such that SP+SPI equals the near limit. The vector
P(SP) remains available.
State 7 - This state is used by the FORTRAN version, but is
not needed to define the algorithm.




State 9 - A stopping criterion has been met. The optimizing
variables P(SP) do not exceed the threshold but are considered
optimal.
Two stopping criteria are applied. The spacing-ratio is cut
down in size after reaching states 3 5 5> and 6. A flag
denoted by LIM is set to record that state 5 or 6 has been
reached. The granularity criterion is simply the test of
whether |SPI |<SPMIN.
In state 3 a local maximum has been found. For this state
an additional criterion for stopping, called the optimum
criterion , is whether the interpolated maximum optimizing
variable exceeds P(SP) by a significant amount; the inter-
polated maximum is the maximum of the parabola through the
points (SP-SPI, P(SP-SPI)), (SP,P(SP)), (SP+SPI,P(SP+SPI) )
.
Upon entry to the subroutine, set the LIM flag to OFF and
assign the state for all subsets; the subsets are indexed
1, 2, ..., NFMS . Store the input seed for the random number
generator into ISEED(l). Starting with subset number 1
execute the search algorithm until its state is 8 or 9. Do
the same for sets 2, ..., NFMS. Note that during this
process the value of NFMS increases in general due to subset
refinement
.
The processing for subset M sometimes requires initialization
if LPT equals 3 (the area maximization problem). The coverage
dimension for subset M is not necessarily equal to the
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coverage dimension for subset M-l; the coordinates of the
starting rectangle (and for transiting motion the ending
rectangle) must be redefined if the area problem is still
not solved for subset M. The value (LAS(M)) of the area
status for subset M is an input to this subroutine and
indicates whether or not the problem is solved. If LAS(M)




for transiting submarines, and
XS1=YS1=-CDD(M)+DF+DISMAX
XS2=YS2=CDD(M)-DF-DISMAX
for holding submarines; CDD(M) is the coverage dimension for
subset M; DF is computed during initial processing; and
DISMAX is a control input.
Each iteration of the search algorithm is defined by the
following steps. The iteration is repeated for subset M
until it reaches state 8 or 9. Some of the tests cause
subset refinement when opposite results occur for at least
two figures-of-merit in the subset. When refinement occurs,
NFMS is incremented by 1, and the newest subset has index
NFMS. The details of the refinement subroutine are desribed
later. NFM denotes the number of figures-of-merit in subset
M and LS(M) denotes the state of subset M.
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o If LIM(M) is ON or if LS(M)=3, test the granularity
criterion.
If |SPI(M) |<SPMIN, set LS(M)=9
o If LS(M)=3» test the optimum criterion (via the refine-










If (Di-F i )
2£PSDIF(2Ei-Di-Fi ) , the criterion is satisfied;
PSDIF is one of the built-in inputs.
If the criterion was satisfied for set M, set LS(M)=9»
and test for refinement; if refinement occurred, set
LS(NFMS)=3. If the criterion was not satisfied and
refinement occurred, set LS(NFMS)=9.
o If LS(M)=0, test whether SP is within limits.
If SP>SPMAX, set SP=SPMAX. If SP<SPMIN, set SP=SPMIN.
In either case, store the random number generator seed,
JJN, into ISEED(M)
.
o If LS(M)=1, test whether SP+SPI is within limits. If
not, invert the sign of SPI and test again. If SP+SPI
is still not within limits, reduce SPI by half and test
again. Continue cutting SPI in half until SPMIN<_SP+SPI<_
SPMAX is satisfied.
o If LS(M)=2, test whether SP+SPI is within limits. If
not, either SP+SPI>SPMAX or SP+SPKSPMIN. Assume the
first case; the rule for the lower limit is symmetric.
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If SP+^|^>SPMAX, redefine SPI to be -h times it current
cp+cpj




o If LS(M)<_6 compute probabilities. Collect NFM figures-








The figures-of-merit, buoy coordinates and random number
generator seed are inputs to the probability subroutines.
If the optimizing variable is the default variable, set
JJNSAV=JJN and call the speeded up probability subroutine
to calculate and save the value of AK1 for each figure-
of-merit. Otherwise, use the full blown probability
subroutine to calculate probabilities and save values
AK1, AK2, AK3, TDM, HTM1, HTM2 , and HTM3 for each of the
figures-of-merit.
Compare P(XSP) against the threshold (via the refinement
subroutine). If the optimizing variables in set M
exceed the threshold, set LS(M)=8, SP(M)=XSP and ISEED(M)=
JJNSAV. If no refinement occurred, this iteration of the
search algorithm is terminated. Otherwise, it continues
for set Ml where M1=NFMS. If the optimizing variables do
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not exceed the threshold, set M1=M. If refinement
occurred, set LS(NFMS)=8, SP(NFMS)=XSP and
ISEED(NPMS)=JJNSAV.
o If LS(M1)=0, set LS(M1)=1
o If 1<LS(M1)<6, compare P(SP+SPI) with P(SP) (via the
refinement subroutine). Update LS, SP, and SPI according
to the following table for set Ml. The updated values of
SP and SPI are expressed in terms of values of SP and SPI
at the beginning of this step. If refinement occurred,
the results of the comparison for subset NFMS is opposite
the result for subset Ml, update LS, SP, and SPI for
subset NFMS using the opposite side of the table.
10.0 REFINEMENT (REFN)
A test performed on a subset of figures-of-merit may produce
opposite results for two or more elements of the subset. If
so, it is necessary to refine the figure-of-merit partitioning
by removing one or more figures-of-merit from the given subset
and creating a new subset. The tests are two-valued:
(1) "does the optimizing variable value exceed a threshold?"
(2) "does the optimizing variable value at one spacing exceed
the optimizing variable value at another spacing?" (3) given
the 2 adjacent optimizing variable values, is the center value
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The inputs to this subroutine are the figure-of-merit sub-
set, the number, NFMS, of figure-of-rnerit subsets, an indi-
cation of which test to perform, indication of which
variable(s) are being optimized, and sufficient data to
perform the tests. The tests mentioned above are described
in detail in the threshold-optimum section.
Since there is a choice of several variables or combinations
of variables to optimize, the subroutine must determine
which one(s) and store their values for use in the tests.
If two variables are to be optimized they must be weighted
and combined prior to storing their values.
The figure-of-merit indexes in the given subset are I-., Ip,
..., IWTaM . Perform the test for figure-of-merit I ; the
' NFM ° 1
result of this test defines the result for the given subset,
and I., automatically remains in the subset. Repeat the test
for I , ..., LTnM . If the result for I. is the same as the2» 5 NFM j
result for I.,, I. remains in the subset; otherwise I. is
entered into the new subset numbered NFMS. Maintain counts:
the number, (Ml), of figures-of-merit remaining in the current
set and the number NA of figures-of-merit in subset NFMS.
After testing all of the figures-of-merit in the given
subset the count NA indicates whether or not a new subset
was created. If NA=0, the execution of this subroutine is
terminated. Otherwise the following pertinent threshold-
optimization data defined for the given subset must be copied
for the new subset.
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SP - the current spacing-ratio
SPI - the current spacing-ratio increment
LIM - an indication of whether state 5 or 6 has been
reached
ISEED - the current stored value of the random number
generator seed.
Area - maximization data must also be copied
SPO - the best spacing for coverage yielding sub-
threshold values
SPI - a spacing for coverage yielding threshold
values
CD - the approximation of the optimal coverage
dimension for the current geometry
CD1 - the best coverage dimension found for previous
geometries
CDI - the current increment of coverage dimension
CDD - the coverage dimension being tested
LAS - the area-maximization state
LFA - an indication of whether an area limit was
reached






There were many changes to the TASDA Mod III program in
order to speed up program run time and/or to reduce program
size. Significant changes to the program, except for
removal of the provisions for snorkel submarine cycles,
sonobuoy monitoring cycles and multiple FOM, are listed in
this appendix. Following the subroutine where the change
occurs, is listed the program to which it belongs.
A. PROB SUBROUTINE TASDA MOD III
In order to integrate the subroutines PROB and PROBF,
the following changes were made to subroutine PROB.
The two words, DSMALL and DLARGE, were dimensioned as
16 word vectors each. These vectors are set to a value
equal to the distance along the submarine's track where
first and final possible submarine detection can be acquired
for each sonobuoy.
The DIS = DISMAX statement immediately following the 28
CONTINUE statement was deleted, because DIS is set to a
different value later in the subroutine. After the state-
ment, BS = SIN(THPX), the short algorithm to compute the
run deviation was inserted in the program. This was moved
forward in the subroutine to obtain values which are neces-
sary in the PROBF portion of the subroutine. Two words,
DMAX and DMIN, were added to the program and initialized to
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worst values for later comparison testing. These words are
finally set to the values which indicate the distance along
the submarine's track where initial contact can be obtained
by a buoy in the geometry, DMIN, and where final contact can
be held by the last possible buoy which can gain detection,
DMAX. A program loop is then initiated to compute for each
sonobuoy the values for DSMALL and DLARGE. The algorithm to
compute sonobuoy deviations was inserted at the beginning of
the loop, followed by the computation of FOM for the currently
indexed buoy.
The two words, XDIS and YDIS, were introduced to eliminate
the repeated calculation of the statements XS-XB(K) and
YS-YB(K), which occur in PROBF. DISTQ was introduced to
eliminate extra calculations of the value,
(BS * XDIS - BX * YDIS) * * 2.
The loop for several FOM was eliminated, because this portion
of the program was set up to set track distance limits only
once for each buoy per submarine run. When the multiple FOM
option is being used, the largest FOM must be input first,
because the calculated distance along the submarine's track
where buoy to sub range is tested, then includes the dis-
tances generated for lesser figures-of-merit
.
The calculation of ANFM was changed to include the two
decibel increment which is used for an alerted operator.
This was to ensure the track length, along which buoy to




The same algorithm to compute DSMALL and DLARGE was used
as was programmed in PROBF, but these values are now stored
in a vector to be used later in the subroutine.
The GOTO 95 statement indicates no detection is possible
for the currently indexed buoy. In that case, the DLARGE
value for the buoy is set to a negative one, indicating the
buoy should not be tested for submarine detection later in
the subroutine.
The two statements, IF( DMAX.LT. DLARGE ( K) )DMAX=DLARGE(K)
and IF(DMIN.GT.DSMALL(K))DMIN=DSMALL(K) , set the limits along
the submarine's track where buoy to submarine distance is
tested. Outside these limits, there is no possibility of
detecting the submarine. This concluded the PROBF integration
into the subroutine.
The statement, DIS = DMAX - DMIN, was used to set the
distance over which buoys would be tested to be in contact
with the submarine. This distance is checked to be positive;
if it is negative, this indicates no possible detections on
the current submarine run; so the program returns to the
start of the next run.
The original PROB subroutine, from the 18 CONTINUE state-
ment on, was then used with only minor changes.
The words, DELTAD and DELDSN, were added. These are
used to increment DMIN in an algorithm to turn buoys on and
off. DMIN, which is originally set to the distance along
the submarine's track where initial detection can occur, is
compared to DSMALL and DLARGE for each buoy at each increment
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along the submarine's track. If DMIN is less than DSMALL,
it indicates the submarine has not reached the detection
range of that buoy; so no testing is done and the next buoy
is checked. If DMIN is greater than DLARGE, it indicates the
submarine has passed beyond range of the buoy for this run.
DLARGE then is set to negative one; so the buoy will no
longer be tested during the current submarine run. This
algorithm was put in the program to eliminate the relatively
slow function of testing whether a buoy is in contact with
the submarine when no detection probability exists. The
statements, XS=XS+BCxDMIN and YS=YS+BSxDMIN, were put into
the subroutine to move the initial submarine position to
that point along its track where detection is first possible.
The words, ISTART and IFINISH, were used as the loop
control variables for the number of segments loop. This
was done to coordinate the submarine run time and its posi-
tion along its track with the same time and position generated
by the subroutine before modification. This was necessary
to ensure that the modifications to the subroutine did not
alter the final solution results. Results were different
when buoy monitoring cycles and submarine snorkel cycles
were utilized in program runs.
B. BLOCK DATA (TASDA AC)
Two new common areas were dimensioned: COMMON/B/ and
COMMON/C/. COMMON/B/ contains six words which are used in
connection with the generation of random numbers. JCOUNT
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is used as a tally to count the number of times the random
number generator is used during the course of a program run.
This is not essential to the program and should be removed,
if the program is used operationally. KKK is the constant
value, 999^7, which is utilized as a multiplier in the random
number generator of the IBM 360/67 computer. MYSEED and
NBSEED are dimensioned as original seed values for the random
number generator. They are set in the DATA statement to
1333567 and 356019j respectively. JJJ is used to store the
current seed value which changes for each new random number.
NBMAX is employed in an algorithm which ensures the random
numbers used for sonobuoy decibel deviations are the same
from geometry to geometry. It stores the value of the num-
ber of sonobuoys in the geometry which has the greatest
number of buoys. COMMON/C/ has one word, NSTEP . NSTEP is
used as the index increment value for the propagation loss
profile vector in the algorithm which determines that distance
where a sonobuoy can gain first contact on the submarine.
C. MAIN (TASDA AC)
Three read statements were added or altered. This was
done to give the programmer flexibility when exercising the
program. NRUNS was added to the first read statement. This
enables the programmer to read in the number of submarine
runs desired per probability calculation. The statement
READ(5,'998) STEPL, STEPB was added when the effect of the
time step on program run time was being tested. This is no
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longer needed in the program, because the time step was
made a function of submarine speed.
The statement READ(5,999)NSTEP was added to allow the
programmer to control the index increment for the propagation
loss profile vector.
The two statements, STEP=STEPL and IP (RUNT. GT. 5 . 0)STEP=STEPB,
were replaced by the statement, STEP=120 . 0/VEL, to make STEP
a function of submarine speed.
D. PROB SUBROUTINE (TASDA AC)
This subroutine is similar to the modified PROB subrou-
tine discussed in Section A of this appendix. After the
removal of provisions for snorkel cycles, sonobuoy monitoring
cycles, and multiple figures of merit, the following algorithms
were added. A short five instruction routine was inserted
just prior to calculating the deviation values for sonobuoys.
This algorithm advances the current seed value; so the buoy
deviations generated for each buoy in the current geometry
will be the same as those generated for buoys in other geom-
etries. The geometries are retrieved from the geometry file
in order, according to their number of sonobuoys. The geom-
etries with the most buoys are retrieved first. NBMAX is
set to the value representing the number of buoys in the first
geometry retrieved in subroutine GEOM. The difference be-
tween the number of sonobuoys in the current geometry and
the number of buoys in the first geometry is calculated.
If the difference is equal to zero, no action is taken. The
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number of random numbers generated for the current geometry
will be the same as the first geometry, because the seed was
reinitialized prior to the call on PROB . If there is a dif-
ference in the number of buoys for the two geometries, the
value of this difference is multiplied by 12. The product
represents the additional number of times the random number
generator would be called if the current geometry had as many
buoys as the largest geometry. The seed for the random
number generator is then multiplied by the constant value,
KKK, the number of times equal to the just found product.
This advances the seed to a value consistent with the value
used in the largest geometry.
The second algorithm introduced into the PROB subroutine
allowed a variable index increment to be designated for the
propagation loss profile vector. This algorithm begins with
the statement, NSUM=NSTEP. NSTEP is the user-controlled
input variable which designates the increment size. NSUB
replaces NSTEP within the algorithm, because its value is
changed. LSUB is set to NSUB minus one. It is used to reset
the distance value to one less than it was prior to being
decremented by the NSUB value when the POM first exceeds the
propagation loss value. If NSTEP is originally set to one,
LSUB is set to a negative value to indicate that further
testing at an NSTEP value of one is not necessary after the
POM first exceeds the propagation loss value. The propagation
loss profile index, NR, is then set to the number of propa-
gation loss values which have been input to the program.
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Next, the current figure of merit, ANFM, is tested to be
greater than or equal to the propagation loss vector value,
PLC(NR). If this is false, NR is decremented by NSUB, and
the test is made again. This continues until the test is
true or NR becomes negative. If a successful test is made,
the value of NSUB is tested to be equal to one. If NSUB
equals one, the algorithm is exited and the value in NR
equals the maximum distance from the current sonobuoy where
a submarine detection can occur. If NSUB is not equal to
one, it is set equal to one, NR is reset to a value of one
less than it was for the last unsuccessful FOM, propagation
loss test. Testing of FOM and propagation loss is then
resumed with an index increment of one. If, during the
original testing, NR becomes negative, it indicates there
are no propagation loss values less than current buoy FOM.
However, if the increment NSUB is greater than one, the last
values of the propagation loss profile have been bypassed;
so NSUB is set to one, NR is increased by LSUB and testing
resumes. If NSUB goes negative again, it indicates no
possible detection can be made by the current buoy on the
present submarine run; so the program jumps to the point
where DLARGE is set for the current buoy to negative one to
indicate no possible detection.
E. TRSH SUBROUTINE (TASDA AC)
The two seed values, JJN and JJJ, were set to the original
seed values, MYSEED and NBSEED, just prior to the call en





DICTIONARY OF TASDA WORDS IN COMMON
AC - Dimensioned as a logical word, used in AMAX sub-
routine as flag, if set to true, the subroutine TRSH will
be called; if false, subroutine GEOM will be called.
AK1(6) - List of estimates of the probability of a single
submarine detection for each given figure of merit.
AK2(6) - List of estimates of the probability of two simul-
taneous submarine detections. See AK1
.
AK3(6) - List of estimates of the probability of three or
more simultaneous submarine detections.
ANPTS - Floating point equivalent of NPTS . See NPTS . Set
to NPTS in main program.
ANRUNS - Floating point equivalent of NRUNS. See NRUNS
.
Set to NRUNS in main program.
BAK1(6) - List of the optimum probability of detection values
for single sonobuoy detection. Used in OPUT for printout
variable. Contains PD1 value which is printed out for
each geometry. One value for each FOM.
BAK2(6) - List of probabilities of two simultaneous detec-
tions associated with the geometry spacing which yields
optimum single sonobuoy Pd. Used in OPUT as printout
variable
.






BHTM1(6)- List which contains the mean holding time values
of single sonobuoy detections. Set to HTM1 in OPUT for
final printout values.
BHTM2(6)- List which contains the mean holding time values
for two simultaneous sonobuoy detections. See BHTM1
.
BHTM3(6)- List which contains the mean holding time values
for three or more simultaneous detections. See BHTM1.
BSPF(6) - List of sonobuoy spacings assocaited with the
calculated optimum Pd for each geometry. Set to SP x
BUOYSP in OPUT. Used as spacing values which are printed
for each geometry.
BTDM(6) - List which contains the values for mean time to
first sonobuoy detection. Set in OPUT to TDM for final
printout values for each geometry.
BUOYSP - Distance between first and second buoy of any
geometry. Used to calculate minimum buoy spacing for
given geometry.
C(l6) - List of distances between submarine and each buoy









C changes each time submarine advanced 1 segment.
CD(6) - Coverage dimension used in area maximization to
determine optimum size search area. Area will equal
square with sides equal to 2 x CD.
CD1(6) - The best coverage dimension found for previously





CDD(6) - The coverage dimension currently being tested.
See CD. List is for different figures of merit.
CDI(6) - Current increment of coverage dimension. List is
for different figures of merit.
CDIO - Initial coverage dimension increment. Program
controlled input parameter set to 25 in lab program.
CDMAX - Maximum coverage dimension; range 100 to 500 miles
with 10 mile accuracy. Program controlled input param-
eter; set to 150 miles in lab program.
CDMIN - Minimum coverage dimension; range 5 to 50 miles
with one mile accuracy. Program controlled input param-
eter set to 10 miles in lab program.
CDO - Initial coverage dimension; range from 25 to 150
miles. Program controlled input parameter set to 100 in
lab program.
CDX - Approximate coverage dimension. Initially set in
MAIN program, depending on the type of submarine input
to program.
DF - Distance moved by target from starting coordinates
before aircraft arrives on station.
DIRMAX - Maximum bearing angle from to 360° in one degree
increments. Used as operator controlled input parameter
when target submarine is in holding type operations.





DISMAX - Maximum distance traveled by submarine from to
500 nautical miles in one mile increments when moving in
holding type operations. Operator controlled input
parameter.
FM(6) - List containing figure of merit values. Operator
controlled input parameter. High figure of merit corre-
sponds to more easily detected submarine noise.
FM1 - Value of base figure of merit. Entered in program
as user controlled input variable.
FMD(6) - Figure of merit differences; if greater than one
figure of merit subset, DB difference is computed for
each subset from base figure of merit. FM1 used in TRSH.
FMDB(l6)- Figure of merit deviation for each buoy computed as
a random normal deviation about a mean of zero and a
standard deviation equal to SIGB.
FMDR - Figure of merit deviation for each run. Computed
in same manner as FMDB.
FMF(l6) - Final figure of merit calculated for each buoy in
a pattern. Calculation takes place in PROB subroutine
and equals FM + FMDB () + FMDR.
FM0T(6) - Figure of merit for printout when area maximization
option used. Vector of six possible values set in AMAX
subroutine
.
GEOEND - Logical word, used in determining if all applicable
geometries for submarine type and operation mode have




HOLDl(6)- Dimensioned as list of logical v;ords. Used in
PROB as flag to indicate at least one sonobuoy is holding
contact with the submarine at current submarine position
for POM as indexed.
H0LD2(6)- See H0LD1. Flag indicates two or more sonobuoys
are holding contact.
HOLD3(6)- See H0LD1 . Flag indicates three or more sonobuoys
are holding contact.
HT1(6,6)- Mean holding time for single sonobuoy detections.
Used as part of search algorithm to store up to six
different times corresponding to different buoy spacings
for up to six different FOM.
HT2(6,6)- Mean holding time for two or more simultaneous
sonobuoy detections. See HT1
.
HT3(6,6)- Mean holding time for three or more simultaneous
sonobuoy detections. See HT1
HTM1(6) - List of sample mean holding times of single detec-
tions for each figure of merit (up to 6).
HTM2(6) - List of sample mean holding times of two simulta-
neous detections. See HTML
HTM3(6) - List of sample mean holding time of three simul-
taneous detections. See HTML
IB1 - Used as pointer or index to obtain the X and Y
coordinates of the first sonobuoy in a geometry.
ICHAN - Set to 1/4 the number of monitoring channels




ICON - Dimensioned in data statement to (HC). Used
in printout to indicate high confidence for mean time to
detection.
IDENT(4,40) - Geometry identification code. One for each
sonobuoy geometry. Alphanumeric charcters designating
each geometry or pattern. Geometry data input parameter.
IDT(12) - Tactics identification. No longer used in
TASDA MOD III.
IGE - Total number of geometries index. Set in INDAT
subroutine to the number of geometries read into program.
Used also as geometry index and set to geometry being
tested or next geometry to be tested.
IGEA(6) - The index of the geometry yielding the best
coverage used in area maximization subroutine.
IGFLG - Flag used in GEOM subroutine to indicate
whether or not the geometry index has been chosen. If
it equals two, index has been chosen; skip algorithm
to find index. Flag set in TROP or AMAX prior to GEOM
call.
11(6) - Used as counting variable in PROB. Incremented
by one for each sonobuoy in contact with the submarine
at current submarine position for indexed FOM. Initialized
to zero after each submarine step.
INDALT(6) - Used to store time increment when submarine
contact last held, plus a set time. When the current
time increment exceeds the INDALT value, the FOM for
each sonobuoy is decreased by two, indicating the operator




IOFLG - Flag used in OPUT to determine which portion
of subroutine is to be exercised. IOFLG = 3 indicates
the set up part of OPUT is to be exercised; IOFLG = 1
indicates printout portion is to be exercised. Set in
TROP or AMAX prior to OPUT call.
IOUT - Flag used in OPUT to indicate which proba-
bility subroutine used, PROB or PROBF. IOUT = 1 indicates
PROBF used; so calculate extra data.
ISEED(6) - Set to current seed value of random number
generator prior to calls on PROBF. Seed restored to this
value in OPUT, if PROBF has been used.
ISPEED - Option variable: = Use slow method of
computation of probability of submarine detection (sub-
routine PROB); 1 = more rapid method. Use (subroutine
PROBF). Operator controlled input parameter.
ISTEP - Truncated integer value of STEP. Set in
MAIN to STEP.
ITM - Set to current M index value in OPUT to
indicate extra calculations completed for this M value.
Tested in AMAX to determine if extra calculations needed
in OPUT.
IZ0NE4( 4,200) - Array containing four buoy subsets of a
geometry. Each subset designates the monitoring sequence
of buoys if a four-channel processor is in use. Subsets
are identified by buoy position in a given geometry.





IZONEC(12,100) - Array containing twelve buoy subsets of a
geometry. See IZ0NE4
.
J - Common index value. Used throughout program.
JBU0Y(4l) - List which contains the positions of the
X and Y coordinates of the first buoy of i geometry in
the KXB and KYB lists, i.e., if JBU0Y(3) = 15, then the
X and Y coordinates of the first buoy of the third
geometry are located in KXB (15) KYB(15).
JCOUNT - Used as counter to determine number of calls
made on random number generator subroutine (RADN).
Sensitivity analysis aid.
JFMI(6,6) - Figure of merit index used in search algo-
rithm. Is used to keep track of which FOM the current
Pd and buoy spacing are associated. Initialized in
TROP and AMAX. Used in REFN
.
JJ1(6) - List of flags used in PROB. Initialized
to zero for each submarine run. Set to one to indicate
single sonobuoy contact made with submarine at indexed
FOM.
JJ2(6) - See JJl . Set to one to indicate two simul-
taneous sonobuoy contacts made on submarine during
current run.
JJ3(6) - See JJ1 . Set to one to indicate three or
more simultaneous sonobuoy contacts made on submarine
during current run.
JJN - Current seed value for random number generator
Initialized to original seed value at start of program.




JJNO - The original seed value for pseudo-random number
generator. NADC laboratory program uses 8063. Program
controlled input parameter.
JPL0T(4l) - List which contains the position of the first
character of the format statement for the i geometry.
Characters for format statements are in THE TABLE IPLOT.
See JBUOY.
JPM(6,6) - Spacing index used in search algorithm. Con-
tains values which associate buoy spacing to Pd and FOM.
Initialized in TROP or AMAX. Used in REFN.
JZONE(4l,3) - Array containing the positions of the first
four, eight, or 12 buoy zone of the i geometry; i.e.,
if JZONE(3,2) = five, then the first eight buoy zone of
the third geometry would start at IZONE8(5).
JZONEO - Index set to value which indicates the starting
position of the current geometry and buoy zone. Used
in GEOM to assist in setting up monitoring times of
sonobuoys
.
JZ0NE1 - Index set to value which indicates the last
position of the current geometry and buoy zone. Used in
GEOM to indicate the last buoy zone of the current geom-
etry has been reached.
JZ0NET(12) - Set to values of monitoring times for monitoring
zone of geometry in use for PRINTOUT. Used in OPUT.
K - Used as buoy coordinate index of current geometry
in probability calculations and used in REFN to associate




KGC(17>2,2) - Array for geometry classification. Contains
position in KGI where first applicable geometry index
is located KGC(A,B,C,) A = number of buoys in geometry,
B = type of submarine, C = submarine motion: i.e.,
KGC(8,1,1) = 16 would indicate for the first applicable
geometry having eight sonobuoys to be used against a
conventional-holding submarine would be found in KGI(l6).
KGI(99) - List containing indices of buoy geometries to
be used for given inputs.
KK - Index variable. Used in REFN to designate
probability of detection associated with latest buoy
spacing tested. KK index value set in TRSH or AMAX.
KKK - Constant used as a multiplier in random number
generator. Set to 999^7 for IBM 36O computer random
number generator. Program controlled input parameter.
KN - Equals the number of applicable buoy geometries
in current classification set. When not equal to zero,
II points to an applicable geometry index used to select
appropriate geometries.
K0N1 - Used as a constant equal to one. Set to one
in program initialization process.
K0N2 - See K0N1 . Set to two in data statement.
K0N3 - See K0N1 . Set to three in data statement.
KXB(480) - Array which contains the X coordinate of all
buoys of all geometries. Average of 12 buoys for 40
geometries. Index pointers are used to select first




KYB(480) - Array which contains the Y coordinate for all
buoys of all geometries. See KXB.
L - Index variable used for various indexing throughout
program.
LAS(6) - Contains value indicating current state of search
algorithm for area maximization problem. Vector used
for different FOM values.
LCON - Dimensioned in data statement to alphanumeric;
(LC). Used in printout to indicate low confidence.
LFA(6) - Flag indicating if coverage dimension is at limits.
Flag set if CDD = CDMIN or CDD - CDMAX. List is for
different figure of merit.
LIM(6) - Dimensioned to logical word. Used in search
algorithm to indicate lower or upper boundary of buoy
spacing has been reached. Vector for six different FOM.
LIM1 - Dimensioned to logical word. Used in search
algorithm to indicate lower or upper bound of the spacing
increment has been reached.
LPT - Option variable which determines problem type:
.. 1 = threshold PROB; 2 = spacing optimization; 3 = area
maximization. Operator controlled input parameter.
LS(6) - Indicates state of search algorithm. = initial;
1 = one set of runs made at original spacing; 2 = all
probabilities computed thus far monotonic increasing/
decreasing; 3 = approximate to optimum reached P(SP-SPI)




P(SP) = P(SP + 2SPI); 5 = same as two, but at minimum
or maximum limit; 6 = closer to limit; 8 = P > threshold;
9 = P meets stop criteria.
LSA(6) - Flag indicating whether most recently computed
statistics are to be saved. LSA = implies most recent
computed probabilities are greater than THRESH or greater
than all earlier probabilities; so save statistics.
List for different POM.
LT - Indicator value which determines which test is
conducted in REFN subroutine: LT = 1, threshold test;
LT = 2, comparison test; LT = 3» optimum test. Value
set in TRSH or AMAX prior to REFN call.
M - Index variable normally used to index the FOM
currently being looked at, but used throughout program
for many indices.
Ml - Index variable used in conjunction with M.
MAXB - Operator controlled input parameter. The maximum
number of sonobuoys allowed for a buoy pattern. Used in
determining which sonobuoy patterns will be tested.
Range from to 16 sonobuoys.
MCON - Dimensioned in data statement to (MC). Used in
printout to indicate medium confidence.
MFM - Operator controlled input parameter. Sets the
number of FOM inputs which program will use. Values




MINB - Operator controlled input parameter. Indicates
minimum number of sonobuoys allowed for a sonobuoy
pattern. See MAXB range from to 16 sonobuoys.
MN - Monitoring cycle indicator. Set in GEOM to indicate
whether there is continuous sonobuoy monitoring or a
monitoring schedule. MN = 2 indicates continuous moni-
toring; MN = indicates monitoring schedule.
MODE - Code word for type of submarine being searched.
= conventional; 1 = nuclear. Program input parameter.
M0N(l6) - Flag for each buoy in a geometry to indicate if
buoy is being monitored continuously or on a monitor
schedule. Continuous monitoring occurs when number of
channels is greater than number of buoys. MON set to 2
for continuous monitoring.
MYSEED - Random number generator seed. Equals 1333567.
NA - Used as flag indicator. Set in REFN to 1, if Pd
is greater than threshold, if current Pd is greater than
last Pd, or if optimum Pd has been found. Tested in
TRSH and AMAX.*
NB - Number of buoys in given sonobuoy pattern or geom-
etry. Geometry data input parameter used as index in
subroutine INDAT.
NCHAN - Operator controlled input parameter. Indicates
the number of processing channels available in aircraft.
Numbers 4, 8, 12, 16 are allowed. Used to determine





NDET - Dimensioned in data statement to (ND) . Used in
printout to indicate NO DETECTION.
NF(6) - Index relating POM to FOM subset; i.e., if six FOM
are inputs to program, the first three could be in
subset 1; so NF(1) = 1, NF(2) = 1, and NF(3) = 1.
NFD(6) - List containing the number of runs in which at
least one submarine detection occurred for each FOM.
Initialized to zero for each new geometry.
NFM - Number of FOM. See MFM.
NFMS - Number of FOM subsets. Used as index when calcu-
lating optimum spacing ratios for different FOM subsets.
NHOWMV - Input parameter denoting type of submarine movement;
1 = holding (on station); 2 = transiting; 3 = frontal
coverage
.
NHT1(6) - List of the number of single sonobuoy detections
for each FOM for a given geometry. Initialized to zero
for each new geometry.
NHT2(6) - List of the number of two simultaneous detections
on submarine for a given geometry. See NHT1.
NHT3(6) - List of the number of three simultaneous detections
on a submarine. See NHT1.
NNFD(6) - Printout variable used in OPUT set to LCON, MCON,
or ICON (low, medium, or high confidence), as tag to
mean time to first detection printout.
NOW(400,l6) - Flag for each buoy for each segment of a run
to determine whether buoy is being monitored. = no-




NPLIND - Code word which denotes how propagation loss
profile is obtained for program. = formula, 1 = use
of actual propagation loss data. Operator controlled
input parameter.
NPMAX - Maximum number of characters in geometry plot
statement. Set 160 in INDAT subroutine (not used unless
desire printout of what geometries look like).
NPTS - Operator controlled input parameter designates
the number of values input from propagation loss program
from 1 to 205.
NRUNS - Input variable determines the number of submarine
runs for each probability calculation. Program controlled
input parameter. Set to 10 for NADC laboratory program.
NSEGMX - Maximum number of segments a submarine can move
for given input parameters; if greater than NSGMAX, see
NSGMAX, then program aborts and abort alert is displayed.
NSGMAX - Maximum number of segments submarine is allowed
to move in any run. Used as comparison for abort
criteria. Abort if calculated number of segments greater
than NSGMAX. Program controlled input parameter set
to 400.
Pl(6,6) - Used in search algorithm to contain Pd values for
up to six different sonobuoy spacings for six different
FOM indexing scheme of search algorithm. Keeps track
of^greatest value for choosing best spacings. Used




P2(6,6) - See PI. Contains Pd of two simultaneous detections
associated with indices of PI.
P3(6,6) - See PI. Contains Pd of three or more simultaneous
detections associated with indices of PI.
PI - Mathematical constant. PI = 3.1^1592654.
Program controlled input parameter.
PL(l6) - List of propagation losses corresponding to sono-
buoy submarine detection for each sonobuoy for current
submarine position. If NPLIND = 1, it indicates formula
used: PL(K) = 17 LOG 1Q (C(K))+ 66.
PLC (205) - Array containing values of propagation loss.
Computed by propagation loss program. Used to compute
the maximum distance from a submarine in which a sonobuoy
can detect the submarine.
PSDIF - Probability stop difference. Program controlled
input parameter used to stop search for solution on
given sonobuoy pattern. Stops search when estimated
maximum probability and the largest value found are
less than PSDIF. Range to .2; set to .08 in laboratory
program.
RADIUS(40)- Sonobuoy geometry radius equals distance from
geometry origin to most distant sonobuoy in pattern.
Geometry data input parameter.
RFRNGE - Radio frequency range of sonobuoys from 50
to 250 miles. Used to compute maximum spacing between





SIGB - Standard deviation of normal distribution for
minimum detectable submarine noise by a sonobuoy.
Program controlled input parameter.
SIGR - Standard deviation of normal distribution for
minimum detectable submarine noise for each submarine
run. (Run Increment)
SP(6) - Spacing ratio list of spacing ratios for each
FOM. Used to convert X and Y buoy coordinates in grid
units to coordinates in nautical miles. Threshold sub-
routine finds SP for which detection probability exceeds
an input value
.
SP1(6) - The spacing ratio corresponding to the best
coverage dimension found thus far in program that yields
threshold probabilities greater than THRESH.
SPF(6) - Final buoy spacing for optimum single buoy Pd.
Not used in TASDA MOD3 3 but has not been removed from
COMMON
.
SPGRAN - Spacing granularity measure in miles; range
0-20 miles with accuracy of one mile. Used in deter-
mining the minimum spacing ratio. Program controlled
input parameter set to 5 in laboratory program.
SPGRH(40) - Spacing grid parameter holding. Used with CD,
coverage dimension, to calculate geometry spacing ratio
which, in turn, is used with sonobuoy grid coordinates





SPGRT^IO) - Spacing grid parameter transiting. See SPGRH.
SPI(6) - Spacing ratio increment. The amount the spacing
ratio is changed for the next spacing ratio to be tested.
List corresponds to different FOM.
SPIGRH(40) - Spacing increment grid parameter holding used
with CD, coverage dimension, to calculate initial geom-
etry spacing grid increment which, in turn, is used to
calculate new sonobuoy X and Y coordinates. Geometry
data input parameter.
SPIGRT(^O) - Spacing increment grid parameter transiting.
See SPIGRH.
SPMAX - Maximum allowable buoy spacing of a geometry.
Obtained by dividing RFRNGE by geometry RADIUS.
SPMIN - Minimum allowable buoy spacing of a
geometry.
SP0(6) - The spacing ratio corresponding to the best
coverage dimension found thus far in program that yields
optimal probabilities which are less than THRESH.
STEP - Set to STEPB or STEPL, depending on submarine
speed and maximum distance it can move. Time increment
used to calculate successive submarine positions.
STEPB - Large time increment. Used to calculate suc-
cessive submarine positions along track. Range is three
to five minutes with one minute accuracy. Program con-





STEPL - Small time increment. See STEPB. Range one to
three minutes with .1 minute accuracy. Set to two
minutes in laboratory program.
Tl - Lower printout probability threshold. Program
controlled input parameter; set to .20 in laboratory
program.
T2 - Upper printout probability threshold: See Tl
.
Program controlled input parameter; set to .75 in
laboratory program.
TD(6,6) - Storage matrix for mean time to detection values
associated with different buoy spacings and FOM. Used
in search algorithm to keep track of these values.
TDM(6) - List of sample mean times to first detection for
each given figure of merit (up to six). Equals zero,
if no detections occur.
THRC - Threshold probability default. If THRESH not
specified by operator, THRESH = THRC. Program controlled
input parameter. Set to .99 in laboratory program.
THRESH - Threshold probability. Operator controlled input
parameter used to determine probability of detection for
sonobuoy geometries. If threshold probability is exceeded,
criteria is met to stop search algorithm.
TMN(40,3)- Time to monitor buoys. Contains the amount of
time any zone of buoys are to be monitored; i.e.,
*TMN(6,2) = 10.0 would indicate the eight buoy zones for
the sixth geometry should each be monitored for ten min-
utes after which the next eight buoy zone should be




TMON - Monitoring time used in calculations, taken from
TMN array. See TMN.
TSNMAX - Operator controlled input parameter. Maximum time
target submarine can snorkel measured in minutes from
30 to 120 minutes. Used in determining snorkel and
submerged cycle of submarine.
TSNMIN - Operator controlled input parameter minimum time
target submarine can snorkel measured in minutes from
15 to 60 minutes. See TSNMAX.
TSUMAX - Operator controlled input parameter. Maximum sub-
merged time of target submarine measured in minutes from
360 to 720 in ten minute increments. See TSNMAX.
TSUMIN - Operator controlled input parameter. Minimum sub-
merged time of submarine measured in ten minute increments
from 120 to 240. See TSNMAX.
VELM - Submarine submerged speed in nautical miles/minute.
Obtained by dividing input parameter VEL by 60. Range:
1/15 to 2/3 knots per minute.
VELSNM - Submarine' speed while snorkeling in nautical miles/min.
Obtained by dividing input parameter VELSNK by 60.
Range: 1/20 to 1/5 knot per minute.
XB(l6) - Array of X coordinates of sonobuoys in current
geometry. One to 16 buoys available in any given geometry
XF1 - First X coordinate of rectangle in which submarine
completes movement. Used with XF2, YF1, YF2 to specify
area chosen at random. Operator controlled input param-




XF2 - Second X coordinate of rectangle in which submarine
completes movement. See XF.
XS1 - First X coordinate of rectangle in which submarine
movement originates. Used with XS2, YS1, YS2 to specify
area in which submarine movement originates. Actual
point within area is chosen at random. Operator con-
trolled input parameter. Range: -1000 to +1000 nautical
miles
.
XS2 - Second X coordinate of rectangle in which submarine
movement originates. See XS1.
YB(l6) - Array of Y coordinates of sonobuoys in current
geometry. See XB.
YF1, YF2- Y coordinates of rectangle in which submarine
movement terminates. See XF1.
YS1, YS2- Y coordinates of rectangle in which submarine


























ro -j- in .0 r~- a; q\o—^gm-j-m o r— co <j>o —< r\i ~n *r in 01s- coo^o-* (\im <j-'n -or-cDo^o—«r\i^iOOOOOOO^^^^^^^^^^rNi'^'^^^c^^^^'^^if^^i^ir^irornrnro^r^^r^T000000000000000uuuuuu0000000000000000uouu
— •. c\j
vO »• U-
—I <JJ •• >
-J rn^j •••»• mj — <—
•
a. ^——— — —< o u_ •>
•• <iQ.<4)^u nu »r . >-oo
— „i/7»_».-' ». 00 w q ».^
vL) m •.!—ii\j \U in I— »-» X •••—< (NJO
—1 >o—u»- «-» 00 ct. cuo Lkoc
w wvflUI (M M «-h Z O Q.O XZO r\j— Z 1— _j o cl m lu •• »-<i
* ^oi-» •• x vi •—
1
v) in o) (—0 <—• ••
— <liO« •« •-« O Z h- •—• Z o->o U.Z
>0 ..(—wso — >U O < «•"•-* Z Z <1 ••O X.«l
-h —XO— MJ LU -' O OnJ" <l <l X -J •* *X
w nO O'-i •> > 00 I— i-h v^-— X X t— O.X C\JO
u_ —~. •.(— so ex. -" < u. «— i— I— h- lu<i ooz
2_ '-JsO—X "— 3 O «-* H-O 00 t— 21 >-
U_ ^ws(J^ -^ O *C >—
•
h- CX-J I/) OO OO OOLJ<NJ »«Z
•> <3C\i •> •» I— O X 2: OU- 1/7 t/J LU »-0 (——•<!
— i^" <^ u. C) •—
1
•—I uj —1~J UJ uj I O *" "l/Ji
v/J — f— o'vUMJ •» I/) (— l/> CJ IX "IV —» -J (X«i—-IJ-O
•—» vyx 1-"^*- "* O <3. OO
.
•—
• OO'"*'—• V/< X*"~'t- •*'—'
^* w» •i.i/j'-* -JJ _J O <l ••^ v/ ' l/' •"' »— i. ••IM •
CQ r<"l'-»U_<ILJ •• HH _J >- —-^-U) »-h »-i *-CJZl/)00
O vO-jO^JO -o z u_ O CC 0-^'>-t iy) ihUOXH-
2.
-J«-' •.•• — LJ •-• H- «T>- OO i/l _J Q. »-0 »-0-
U_ I/) *.—!.-.—.-» fH >-h — Z UJ ^-o>- —I —J LLI ^U_^-«.-«Z
» i-h—.2-vO^Jvi; 0l I— z. *~* 2; h~—)QC UJ UJ z Qj>-< »-oo<i
— sJJl— «-»^.—' »•<! UJ (_) HUJI- <i ^ <i CU^)< »
>0 h-—«X-^l/»<ivJJ—» O <-)</> UJ 00~>'-U *C -C <1 -'t/JO ••JL
-^ 1—u\j ••lj^ n/) kjj o 1—< uj o sru. »>2. <i <i x '-'ju-oa >
•> a.—j—.i/j »_ji/) •• ul xct> t/)-^i_i x x o •• »-2-u_uj
O UJ-jvO •—• •-• O CJ ^O UJij^ Z ifl •touj O <-> (XZ ••Z^'
o 2: ..^—vo w a: o a —• h-i-» »-o rg o<z » *
>r I —2.0—" i^)rg u. »-« zoo o—« < co r-t wauia
«— u-^u-u ujq. t— •"<•-< 00 oovt^to. oooou-uj3 CJ— f—on x •• z cX UJw— ~x Ct lX «-a._)2^h-
soo— 1 —1 a.7' lu-*— -. < >-* lu wooojzoo o o ^:oo •• ••oo
^ZvO00-)~.0Q •- OOO h- CX0O (_ ajZt-Hoou. X U. h- (— H- ••
»•—«UJ--}<} •>-<. »-Z •- "O') h-Z O H- 1—"CJ vf »-» •—1 ro I U Q_ UJ
0'J-~«-»CX w^.-u-.i-iO^H 2! LULJ <1 UJOIVIOO"—00—O'j-^LOO »"ZCJ—I CJ
mvOZJ- 2.sO«-xO ww^ k_ 2:^ a; 5.<l-)>;jjUJOUJOaJOXUZ "O
'-'OovOCL—<—'Z—«Q>-< — CJh- <— OCX U>ZOZMZ-l<a^ *X1
o*j^»2l -<»-. xuju-cjcl^ lj -»i/o iNjuji-t xouj »•—.o^cjnjcj—<u ?c »-oo *
>-rO »-X*—i^Q-aZ 1-< •• CX iNJiX »(Jh- UvTO-«JOJ »fvl ••rvj N l'>ivJ(MZUCQ
LJ>-— w<OW»-( »|———> -*.—JLU (\l UJ •• cOn]- —• nJ- 00 —'OOZ -? *X
z? oil »•*- •• -*-<o vux in wj—— u_CL— x^ru. -u.ou.»'il-u.wzooz<
aO—^O— t——— ^0</> • DOI-O^NOUJO>0-OOIDCOO«4-0'000 ^^T »>^2:
O •» o—1-0-JJ—OO -0 AJLLK—I—• CC& I— vj-ai <}- LU UJ LUX "OO ^
lu—ivO •<-*<*-— roo.— *- •«-za>^— • >— »z •—o •—' »Z »Z •Z^'-'Zaco
—OQQ«Ol- 5:r,>OUa<IKUUCD'-| OliJOZ l-'U!BCDOOOn2;zJQZ
mai^2zaoiLLai-zjNiQ'jzz'jZDZ5:Q.<ixzM2N2NaoK •"-•
•XV) LL'-»LOLJZO~5I CX-JO 1-1^ "-"^ •-* t— l/} ii •-" >— «-«ZiiZ—12.
2T 2.Q2.21 UJUJLULU
o >^x.u_v.\z)_o\_o vs-J^. o^o^o^o^^ >x
i<<iu<i<ii 1 <i. 2. *=4. 2. «a. <i <i <i<a. <u. <i <x <i <i <i
•-h^^ >v^>-'O vx'-<^s ,-'\ lXV.cX' >V'X'^CX*<>vv vXZZ 'ZZXZZXZXZ LUZUJZUJ Zu-"ZZ z
<uoooa<HO<ia<u >u>cj>cj>uc;> o
2.2.2:Z2:2.2.— 2:2.2.2.2. <12<12.<12.<122, 21
2.2. 2.2. 2.2.2. 2.^-2. 2.2. 2.UU UU U U U l_l L_) l_J V_Jl I l_JOO oo o o o o o o oo o
OO O O O O oo O O o o o
<t o 2.
1— z\ O^ CH>v
<l <. 2.O. LU<
o •V •-•v. CQ\
xz XZ 2:z
^ <o <o DO
o 2.51 2.2; Z2.
o 2. 2: a.
—I O L_» l_)



































































i.i.2. LJ— »-• LU
OOOa.i£ XvO •> - LU
»—lOOOO •> ••»-» ——» oO
at— »-j —i^ vOvO >




<i<5; ou cj^:-ec •>
2.S.O. ljxx h-<-)i<i
ct^oo _)•••. ajoj -?^
i-hlo * xolj :*:
ot— oo «-o<x<i * ••






















(XLU C£ •• CJ ••
UjCt-INOZS
LU I— _J f— CM (_) ->—
LULJ «*SLJ"OLJ
OLUJL .2-















OO^LU-)Q_ »CO «X •>.
I—OO \00«^- -JO
2: _j »> • «ir\^ 1 •






















lu cJi.LU_j.'Qiuo')i. »a.v. r-
o^ lu
_j 2. c.j »— U- L_l -'v. %u
^tt—
_i<— >-too o^>» ••cm in
x*v-< <X(/i • -.(\j>^i— mOO I LU2I< "^ QhOI m
Ot— c£oo2_ »->v »>vZ • ro
• >T—i<l*- \ »IT\ •'-* "r-t - —*




























\— t— f— I— H-—'l_J(— LJO.
«y. «y. <i<a <i t— (_j «a ^ i.
LJ cj uuuxuuuju










<3.(\j . «. ^—
—.|— —- 4_)^U ». OO




00 «>-J—•—•-» en >—
1
•—>—> 2u -OO O Q- I—
r— >-»x r^ 00 <i <j —• <»y
•—•CM «-Ll ll/> vO l_)





~< a— i—ox x - z
OU-» I -J -O.Z1 LU——•>-•
—<2:vOoO-5—oO •« O-OsO
».—<LU-5vU »—» *<£ » »-o0
00—.war. ••—»— vo -*•"-•^^j 1—
—
< LJ 'JJ vOX «-<— -C —< CJ —1
OO— 2_«-e-» "LLLUXUah-U —
•
>-CU •-LL»-h—CXO^'-' •" *-X r-\J
Q^.^.
_^JOOH-t (— ^»— ^»—I



























































































































•»i—< (NJXJCy •• *
a_o xzazLu
LU •• •><IU- ••Z
VT\ IM (— <-> ~* •>UL»-*LJ
2 cocj u,z i'Ni
••o x<ix •»-?
_J •> ~Xi|— *
Q.X (MUOJU-
LU<1 OOZLU t-OO
t— 2. 2- •C01£2-
COLJCXJ •".i^.^LJ
••<_)>— ~t<a »» ».x>
l_> •» •«»/ J
_J_ L_) 2. UJ
J_>—<(— "WMl/lil
i— a. ««<^j »-j_iu
mUOXi-7>h









»-q i s: t— oo id a. ^
2TO0 •« •>oO l—<oooo ••




<— CJo: 0>ZOZ'MZ-'<^ "XSZiiO.
XCJLU •>—. X5 ^. LJ CNJ L_) —J LJ »i "OCj ••lYZOO
u*ny*oi) »tvi »-r«>i •.rvip^jc>(^j«i:c_)cG>—'oo •«
• m>r — >r <x> ~ioo«£-? »xukw »-'j<i< • •»
j_«^ »ULO_— U_^"U_ •"— LLQLL— U_w Li_—Z CJ ~5Z <! • *> O. «-• • » -~-»—» •>
OCMP^OUJO^O—CJOXOnDONrCJOOCJO »iZ "^ZZZU-UJ »-OQ-*v0vr;v0>—
<—4—• o:a> h- <fai -J- lu lu iux ».oo • ••—<•-<zh to^•z-o—~"— z:
o:*-"— • —> »Z •—o •** •Z" »Z , z<~tzu.cnr5: ••oo_iluuj~'ll.(mq_>
<ii-uo>'i)'-iaiuczHQ(noanou'J5:zjQza;z-"-<u.oo <iQ.y;a.oiaozzu<ioz5:a^xzMZN^NQ.uQ: »-t-t^Hooc2 •.i_, luluu-oo<iz<~>
SO i. 5u LU LU LU LU ^
t_»«i<i^—i<ia.<a.5L.<i <i<i<i <i <i <i «3. o. <5 <i <t<i <j.<l^ aj
or:v.aL:*v.nL:v.a: v. v. -^ ^v—i^v. ^luzujzujzluZZ z Z<^<ZZZ z
>u>lj>cj>i_)o o oouuua o
<ii<ii<i<ij.i 2; si—ts 2-s: a.
2. 2. 2. 2.2. 2, 2.2.02.2.2. 2.































































































CJU C2lZ<£ •UXI i-^ -}^:




















oao <->(_)<:a <: ljZiii-iiiii.ii i i i
LJLJ l_J V_» L_)
0Jt_) 0J i_J i_)
















Q O M —.—
.
LU r^-^,CJ> ujtu
LU t— u_Lnu> tMJ>
OO <CO'~< or1 i tr> 01 •>
>-c_>L_)^'cr 1 •-U. ••













••X ft II * ftUJ -<
CU<t\J cm it t— ex
,*.2_ll a. •• • «a. u-i
«^.*£X u-x »>i^>^;^: 2.
2-CO <iO)X-^MM |—
h- » X ft<"MX2_C_> LL li-
ft —* mm • -^)C£. o <i
„u_ •.-tixj H coi_j •> a.
aj^>- p*. •• • kuxuj oZh fruio^xu-'a ex
2.^.-* LHUJLLCO ftCi1>s.Ci> «3.
c/)u_'-»>-t^ »-_j>^^:cM ,-»
ft|— >C2. fti—• II LU(\J>—< »LL LLI
CO LL || 2. > ft|— CJJL CX
»— •• fti; xaixcMcxcMin O
CXi£CM ft>\OI— CO • <X-* U_
K/iW-12. _J ftOI— «T LU
Kf)>-
_£ UJX-<VI »-X CU
ft_J II UXiCMlLXSH
t\l C_)UJ •• J.CII— ft ~CJ •• •» CI) t~
u_ <:^inh^ ftjuM ii cmco^ j> uj
>-«^ ft-1 CO ftJLU\UJ • »-UJ ft <l \JJ
fti
—j ••*;•"•«;—• *oxxt-ui cj ac
CMX <X_J •-« » ftX—«<'M<>-« > «5
llz zlu -^--xiiroxx -2 ft o i—
X >»-^5:rr) •. ftZ\ft-i|| ^
—< ft 00 LL Wlfl II (/I ftQ —. >
—HI 2. )—lf\l- »-t 1-XiXJ (J OJ
U-ft-4 LLLU HO. ft_JH\JLJLU J>
>- ft <£<«y • •» ft^C II LUUJ ftLJLU «a LJ
"*• <£—•«_) II X ^> IMUU. *C LU
«-*«-< cxcolu >uzxx • w co ;>
LLw >I1XUJUJ ft<mCMOCD>-4 t— OKS — XeX LXOXX ft ft—i^X V- X I*-
••x co j: ftoo cj n )oX inj u_ ft-c jy z -»-» it ^o
cm— t— (_> ft^.ftH>_ ^—• • ftO ft c_) z*£ z lu so
to »o ex ilu< xmx onxx -« —>*— co o vO
>X—•<?» X Zt-51 ftvO—<I^- Nx'-' LUrO l~ xx _J X O >
•+- • J3I ft ft ft ftXXX - < DZ lit < 0~<X
CMCXCJCJ —lO ftLUcOCOX II XiM ft<UOCM rvl COCO .> t— vUO-f
COLUI— h- II CM LUXf—LUCl —i • It X-H • -« t— »— CO vO-^CJXO t-i Qh CX ftQ ftO Z) O _l + ft-. —I X
cooo »-o o rmzN-'xwx^ < *$• + * uzoaz
-* ftUICD
-*l— C_l 2. »ZI->-"-i lL<t--^U. <-* OU OCJ1 (_) »h-OX (/) ftH X LU Zft-i -_im *2lX ft ft I— XX^>^» LUft^fl. ft
>.i—,^»|— «-»uco lu ft<i5_ ft ii a. •-< ii ^co^ ii -• oo<<i<.<r t— t—00—
ftcx.—una uouj ex i—x^cm ZftCOft--»3 I— »2.XiiZ) <i<i>om
—«UJ OZ _l CX" CO Q.OLOXI— X II LUI— XCMXCM —> ODZ^W SH< 0>
COO »CM — Q-—X ft-i _|ZH- >-CXC0 OXCM »cO • OvOcOcot— I— i-«t/l_J—
.
xxlu —m w (Mf- _J fttfi^cx) ftOLuo < ONi-t- + * x turn *2 »CMftH <_) — — XXXCt ftCMCMiXCM I— O —><:>-.— .5 _l (JZ> O
—
—
»ujcci •— »-^ ex m r»- mm<rcLx «llxll < co «j-iz* * >!JJ oca* »cAr-j
COCO
_JCJ ft COLJUU X f1-»CT> » ft2ICXCMO<-|— O O ^'-JLL! »V)mm<l> CX LU'J X
cpcpcj «cmx cr>ujcr« \— omcr* xmxx r^ *x •» wd\u><j_i • »zi— q-coi— uj »>x
tr>cr> ^: »>rn cr> «cr» cm^-" •• ^^ft-tvueo llscun x — oc^-n lulu co <ilu_i »lt\
ft ft»-«i/)NL>**vo •> ftcj ii lu ••«— vu •-
>
o cx^:_jii •^n it t— i| lu >uj a; n
mm_in-** vomi—mm ^lh «-« ziihj ain n zjiift-'a.H-—
««Q-a I— wo_w xz^i- h- a ii w>ou5:oooaz cri— ex x
^zujio _i cjco—< <tuj <x z wz ii >cj2r^>>>>—< xcx _io<
ao«-wh-i.i-uwui-uJHQii- x lu t-3i.<iii/)<i<<<ih-a<i n >-»— 2.
<l<l ftHCX. <A <J. CXZ<LCXft-< CX CXCr _i_J —'_!_>^CJ_J«C CX
UJLUU.LLlXC_ll_>U-ILLLUl_J-Ll_|U-ILJ(X l_) ^C ^i LULU Uu LU t/ll/J >-LU (_> LL LLl_l •—
CXCXftHftHjCLLOCX'-'CXCyf-LJCXU.
_£ LL <1 <l ^» J> —* -> I— |—O ^» l_> CJft-'OLJ
^^cmo) —icMrn^Tm^ut^-to
o ^
cm ni m co
cj o cj co cr> m










































CNJ CNJ CNJ C_)
00 LLLLO
X X>






























<l i LU _)
•i. •-• JA. UJ
i/; h- —* >
c_j uj 4-
e> _j
oo ec uu 2:
UJ U.1 il 3
> 2: ex 00
lj on a h-




uj uj uj uj r»
O rvj (sj > cnj
<X O —I 2: 2 # O
(— CLl —« vU •-. •-" Q. I—
a. ro 2 2 uj
^ UJ + .-h H-t »— O
UJ I— 2. 2. OO O
x 00 a. t— —
•
i UJ 00 00 V. —
II I— U t- I— 2. X
UJ vjjoo IS)
~ZL 2 ID <
210 a. 01 s*, — uj uj 2.0 a.
i-.j> uj — s_ 5: 2. 20 o
H-<1 I— O • —I <-i> U> CX O.00>- 00
—I OO I— O UJ UJ UJ Q.UJQ.UJI—O 2
H- UJ sO>o0 00 UJh-UJI— ^
-<> — Otf I— OOI— OO + X •
U_ 00>v O OK • U_ U_ <S)—*l/)>-< < UJ
a 2x • —2 1—2:0 x xo 2 -s».-h- \ * 2:2: _i
^—
«
-« <<_iir\aoD o»-i < <i -• 5: 2; 2: 2:^)00 •
OOOO
-f V) CX2.CX «UJ «CX »2. • 2. 2 • 2. 3_J-il^OOi-i
>;>-X X I— 00 UJ I— (— C_jfw OO *£. 30 -coo 00 00 00 1—0 x,
-$022: *-o-rr (_i^cni—i^-icnj^^—<o >-th-e}oouj 2:00^ 00 cm 00 *c uj oo——(—(— 2:
11 11 mo<l<l 11 mu«i 11 c-»c_io';i/<t/n/)u-u.c> 11 ujui/i • • 11 r-^ci— u-n—*o^ ^.f— ^ ^ 11 11 o
.„, ,^ • 1 ox>-xxx>-—< e) i— 11 uj cNjiy) 2:2; m s: k-' 11 n uj
i^X II II X X X < II II 2 U)X -J II Z)»-h II II Dl- II II l| 2IX 00
—< no < 11 o 11 < n 11 11 11 11 11 11 11 o< ex Daosouj 2.1— o 2. 2: 2: dz; 2
2.2. I— ^CNJi. I— 2. I— 2. UJf— CLCXUJ2.0I—>2.—4 il-2.wUJi.J2.^:iU'J —
CX00X X.X.00^ ^M/)-^iNJ—<:\|—<(Nj^^i\j uj ^>^UJ>-'h-'^UJ —'_>X._i^ ^X.eJ^lO'j^oO^OUj
•—••-4 Lj(_iCJ (_)•—•(_) (_ji_j«—"i/ j <y j 1/ j v/ j u.u_u.u_ *_c—< *a_ji— u_t/ju_o'ji_)u,v//«y. tjjuji_ji/)<j. ucuji— i/ji— uj^tyj u_







-^U.00 <NJcjun 00 ^^J^u Is-
y> u^ -^uu^ r*i uu r«)(_jo ni ujcnj
121

>TLnor>-corjvtj—irMr^vrii^-or^aj o—<cv)vj-mv0t>-a'j'T>O'~«c\ir<vrir\ or^-cocr>o—<f\in'ivrLnsor*cocr* o—
vI-sT^^r^r >j-L<Mnu\u\u\Lnu\LC\Lu soOsOsUsOsUsUsUsOi— i— i— i— ^^^^^^r^r^r^uua^cocu<x>cuuJ<x>uJcoo> cr,
c\jc\jt\j(\ic\ic\jc\jr\jc\jc\jc\jc\ic\jc\jc\j {\j(\jivjojr\j(Nj(\icNjcMc\jf\i(\jr\ji\ji\jrg(\jc\ic\|i\ir\jPsji\4r\j(\)ivjc\j(Njc\jcNji\j
t/> »0 —
1—1 —I vU *
in a. ^-^-.— — —• o
— »COww •• LO w
«. (_) vO "-» *-i—llNJ \U U"\ t— •—' X
ii aj —< vo— cjt— — o co a.
_j — >— sOOX CM c\j -. z o
h- _j o c\j— »-z I- _joo.
u. <i xni«» x w "• «/i
_j o *• «o.a.vu— m i-i cj ^ e- ••—
j_ O M *o — o <-» <a. — •—
in • •-• —xu— so uu •-«<_> o-r
*. 2: «— n(J •'O-* •• > co H- "—' >TW
in LU LL —— •+- O ex *— <. LL — I—
-« 02: —<o—X — Z> O "-• ^CJ
LL *.»-"L>Z —• l_> *£ •—
•
I— <X_J
•> • •» <ac\j •. •. f— i_j u. *c ou.
II 2. — •>*.«-»-» -L CO •—• —I LU 1—I—
>
_} v4j — I—— SUMJ *• C) I— CO l_l U. »-lNJ
Vi> <£.•—< vUJ.M>^w — (_J «Q. L/) •—< Ci——
<
_J — —» »2-CO —• sO —I O <l •"—*
ll 2: co m—ll<o •» «-"_)>- — tco
o o Q vO-vo-3—to z ll o a: o— •-<
H-X 2 LL CO ..—4-—— ^ _, H- a: LU '—0>-
Q.r- <l .. HH— 2.o-.o<J O. I— *£. "-i 2. I— Z)CX
_J •• LX —» vOI-'-'s-w »• <4. LU l_J QLOJI—
in sU I— >— U.—•OO.su— IX> C_l CO LU OO -JLUM LU •-• »-<CM »aji/i
-4J u> •—' LU (J sJ-L). »-2.
CJJ X » CX -}— CO »Jl/) •• O- XU1 CO-»L_l
_J II (— O LU-)vO ••— "-•sO O CO LUCT> if CO »-rOLU
ll 02: •>——>sQ — ex O Q •-. •-<— ».e)
O-i CO sT I — 2-sQs— COCM U_ <-« ZW 0—<
»-«Sii LU »^ U-vOQ^-U LUQ. >— MM CO CO>Tsr<l
xt— 2: '2 o-'i— oll x - ^r o a: ojw-
sfa *-> vOO~ I —1 ~fL2: lu——»»-i < >-— LU mi^ujz
z »_1 1— ^Zsoco-)— vo •> aoso h- occo 1— aDzM
^m •.-^lu-jsu •—• ••^ •» »co 1— z o K^a
m t-t •• — LL CO— ^-CX —-— sO—M -0«UH Z LU(_J <0. UJQNW)
II — ^ c_) hhvOZ_J-~?CsO«^sU «^w^ h-i 2T'-' QC 2-<I->>-
Z XII O 3 HUO-OlL"<-Z-iOM — (_JH- <— LJq' »LJ
<l i. C_) CXI— Ct t/)v^2.i-<^. »-LLLULH_)Q.^ LJ —CO CsJLUi—• Xt-JCLI ••—»_J
X e>xo zlu >-cu #»u_i-.-aozM •> »a. cmcx *oi- o>rcj-»oa)
l_) LU2.sJ> U )CU CJ>-— m>Oi/)m ».|— -^—» — -^LU CNJ UJ »• r<ivj-
•-H IOCJ LJLJ2. 3 OU. ••—• •> ~>HsOsyu.in<-l-'» »-LLQ--^LLvrLL •»—»a.
ZU.I •• 03 CO— —"O^K— -^.sOcO •- OOHOCMNatllODs-OOXO4-— COO Q^Z Q. sO •• sO _J JDO ^-»OO sQ C\|IU<—*~* aL CT> I— sJ-cX
"»s,vj-
—zco —z o ll^-isO .w<^-»^n)a.^"— •>—Zcx*-— • — »Z •—cj •Z • OX-* r-LU— LU Qd O—nUQHOK SClOOU'lhOUO'-'DUJaZ'-'O
<0 003 C^ J)X I— CDLUZ51ZaDIU.Q.I-ZJNXQ'JZZs9ZQZ?:a.Z
*— XLU O •• •" CJsXsUI— »XC) LL •-« COOZU -JX Q.-)LJ'-«>ji •"-'it —• t— CO
<x o • ^-<xo cr>—iaj lu o 2l 2: 2:0 2-21 LU
lu .^z o inoou. x; ^cu z z>x u*^ cx>s. 3\\xssddnj\jn <»j
-JvULU <3. sU—•—*l_)su<l sU>— torn f* *H 2.<k LU<i £_ <± «q. l_) <l <l ^ l<5i.<li<l <l
<00 II X II- *— ex vU 5- >_» O— h- »v» hh-s. rD>v >-«N»>s V.v.^-'O'X^-t v.>->vs exZ OO I— I- <t H-—-I— Z3 XZ XZ 21Z XZZ "ZZXZZXZXZ cu
h-o—'z*-1 olu<o o uj<lu< o <o <a xoo <aooou<«u<u<a >
CXI—h-<w 11 _j)_ XI th- _JI— i.h-2-O. CX 2.2- 2.2: ^2. iXi^Zii-j.iii.i: <a.O -itX LLt-iCX —I _J<-.cX<-«LX.LJ(_iaj 2. JL S. 2.2. 2.2. 2. 2. 2.
CUOl^l^u_^LJ(XLJLJ<lLJ <y.CXLJtXLJI—^ _; L_> (_) l_J LJL-I LJLJ l_J CJ (_J
<iau ,-« >-,^ i-*j:xau(juiU.j:xi/)ujvj cj o o oo oo lj lj o
—
« *- * # -^ * —
•
c_> c_> r- vO
CJ O cr> -O
r^- CO OvOLT CO
-^ —
1
•—* LPvOLT' COO ^ —
H
* —< U,, ^OL^, LJLJ CJ LJOO LJLJ
122































eg x «• *
U. co •• nU—*
>- 1 1 j .—i .—< — vO
• DC2.HI —»wh j-u.^: ^ii—
u_ -)— •(_) <iu
>-CO «-CL)r>J ojz:
-<£IU*£-} —< LL
cm_jo •- • x ••XX ^<lO t~4 mn» m,
xzaziu _J vOt—
••<LL *Z •> — Z3
»-• »-X»-*0 *"" C>0
U_*£ ».2.rvj xO 2->-<
X<IX ""J ** t—
••XXh— •> <li X •»
CMOO—IQ. LL>-< OIU
cozlu »oo _i-J lu
>• »-CO^>* •» •" •'UJ
coo»\j xx^u —<—* — a.
Ul- —•<* * *^3 X>L> UJCO
^_j — uixui.iu —iw ^*>-*




r— x «h\j •«_i_jo «e—i t—
o
ozcolou-luz: •—'U xi—MOOXhZ>h —IX CDQ.
X »-0 «-X •»•»•• •• •» 21
H-H/JCJ •-.i.U-JUJ L-M\l >—*U
10x02 iii/ie) xo —<w
•. ia.aj <i|-H »_» XCJ
a:^: »>z> •» * •. t\io 1— lu
o<z •• »xzx ox XUJ
00 -^ •-<XO 2. CL <l •-•< _J •« X)cO
cooolllux2.2. o-» -•
CC CC »-Q l^_ I— OOIDX^ X--U * *•O O 2ICO •> •"OO^-'COCO * •*—• —»
~
X X h- •>!— I— »QI— •»""> —«-^ >0<O
-^t-trqLija_uj •• »-^
•-"CO— CO —*COO «*ZO -J l_J -Xi X. 1-1
ojiuoiuoujoxaz: »u<i<2:
>zoz<mz-.-^-3;x xa.a.i.Q.
5£OCMO—«U »-X UQ »»XZCO
_J •»
••tVI «-(XI »-r>l <MO CMXO UJ 1—<CO •» LL.OO
— ^ aj —«coz~3 xqi- 00 «»o<k * •.
OIL—•U-wU_«20~}^<l * .•XX'-' •• » «,*»-«i
COO-TOOOOO id >-^i.ZZU.UJ QQ-»v0v0>0
«t Ol Ul UJX .-CO •* MMZhOZZ>0—
'
** »Z "Z •Z<E'-'ZXCa5:2. •.CO_)LUHJ-»XCMO
maooouoxzjozocz^«u.oo<ia^itXZNZN^Naaa ••-•-<cocd ••cjuulu'J-co-si^





•2-<a.<i3t:<ii.2- 2;i 3-. 2. i-a. s:


































































ox • •• 11 x


















—<ouj^ 11 uj 11 *:— 5^x
11 maa n —• 11 ^c 11
olux — — »-o—
•
O OZ—>r-j(.j-»—ir-<—<rg^^—< .—1
_J_l*»wr^>«<|— r-<»—C\|«-»(NJ'—<—*(/) I mm
•
u » --r-i —— x i<-» .2--J
vj«y.u.u_u-U-Oci.LL.Ljun_ju_u.u_<a.u_
•—










-r in r- wo O
00 ou UJ aj-^ CM0000—
<
•-« —* -^c\j CM O'
123

_J oi>o •• » » >0 -»
a. ^^.-*— —. —
•
o
«-» «.COw«~» •> LO <—
o ** »->-n\j vu u> y— —i x
*-• vu^ai- *-' o i/) ac
o cm— *^ t— _j o a.
—» «a.2-*0—» » hn <j J£ »— •.«-»
\£> ••»—— sD —• vU LJ <l —»*-l Z
m «-»_LO"— \U LU •—
i
O O^T <l
w vO (_)—' ••></>»— HH •4'^-' X
U_ w—. •.»— nO QC i-h <l UL <—t— I—
2. —<vO—X ^- O O '-, J— (_)
UL ii—vO^l —< LJ .<£ •-• — IX -J CO
» <n\j»«> (— (_i u_ ^ ou- co
«-» ••^.MJ—»"» J_ I/) •—
<
•—• LU •—< ~7 UJ
<4J —»h-— \umj -IS) »— i/) (_J UL »-i\| _j
.—I su j_ t"-'w *"" *~» LJ <l l/J •"* l/j«-«i—
t
w — »-2_c/)m vo —) o <i •••-< i/>
CQ m-»U-<.0 » »-< _1 > — sTCO NHQ >0->vD-)_IO -0 Z X O CX O— —*
2: "J—" •.»•»•— O *-> J— vt> 00
ll 00 ••—«—.—»— ro —1 y— <£ ijj wo> —1
m M-.i.^NiJvy Q- H- *£ —* 2. I— OX. UJ
«* >0»—w—w «. <t LU LJ QCCUh- «£
•*j r— «— x—»»/) <ivo-^ lj cj lo lu cj(jj~?uj *r_
,—I 1—log ».(J n/J \U l_J •—
1
UJ U vTU. •i. *a.
•> cx->~»lo ••_io') a. xcr> lo~lj x
O iu—jsO •-— —"vO o lo ujct> Z 00 »-rouj o
*^ «-vOOwi_j ujo. j— mm to oo>t-t<i
-* 3 Owl— OIL X •• Z l_) CC UJ«-<- —ct
voo-» 1 —4 ••a. z IU-.—M <r >-» lu Mi/)uj^:oa
11 —izolo-j-^lo •> o-oo 1— qloo 1— a::Dz ,-, oou_
•-^uj-j>u •«—. -<£ •. *cO 1—^ O hwQ <r
J— CO-»— Qt •»——»vO— •—<^OOh- <£. LULJ <l LUCjrvH/)^-»(/)—
Z> •M^zj-.i.vO-^ ^.— ,2 hm 2;'-, CC 2- <I -3> CD UJO
o huo^u.-i-^-'om -^uh- <-*<-Ja: "t-o-zoH CO*^2_»-<v-. »-U. LU U_ CJ O. I— U) »^CO C\JLUt-( XOUJ ••—-.J^LJl^J
>-aj nLM^auzH . ».u. f\ia: «oi— u>ro-»ocu »rsj .
_0 »OU_ *-^- •- *-«.i-<sO CJU.in^-'H—— ~U_ Q_—U_nTU_ ••— U_OlL—^ ^-4^ U^ w -^ v av - . . ^^, ^^ l_t, ^ 1 , .— »-l_l_ LO- ^1^. ^>J U^ — - LA ^^ u». -^
co—^o— t———000 »-uoi-otMNOujcro«-ooiocou>r
vO • 'OJOO-OOO c^lu<—1^ cyio^ f— vta: vf lu
u_^<vo •*<<-«'<ia.— •-Zix«>' • «-" »z ««-»o •'— »z
*j-»^aQQ»-"DH z:n)ouu<i-uoo ,-,oiiioz'-,aaiur0DOJZ5;zaom.a(-zJNiuoz2O^QZ5:ii-zxzi
• xlo u.wnuza")i a.-^o*-'^ ^-1^ -. >— lo x. >
13 2. 2. 5CQ 2. 21 LU lu
• CQ
02: o
LULL.-* CC U>»wCJQQMDh- ^01QUU<5( UOOMO HOZ MOIHja
— «<£Z a. oou i zaDm.ai-ZJMJ.uozzo^QZ5:azxzN
2: a<-*^: lu cj
2.>- lu 11 w rni— m(— sr z z>^ zd>v cc>v 3^vV.u.'v.^.j^v._3>^_j^s. Ly-^cj' .
«— LL.cjujzi'—1 _>luuj _>uj »—
>
<i ^_<i lu<i a. <i <i(_j <i <a 2 1 <a 2. <i -a. <i <i<<i<i
2-2 Q. >: IIQ-LOZJ II Q-—« I— »v» k-.^, CQV. «-<\v^ '^^h-iO^m^m^ rX^Cfx
a. iiLo<fu. oz:^. u z> xz xz 2:z xzz •zzxzscxzxz ^z^z
~5ii <-><r-)-)iS) <-«— 000 <o <o ijo <ouooo<'mo<u<o >o>lj
t-*-OJ _i_Jh-(— —1—II— QC 2.2. 2.21 <12. 2.22.^212-2.^-2.22.2.2; <12:<12:
II2._; Uliu—i^^cu—1 uu 2. 2. 2. 2.2.2.2. 2.2.2. 2.2:





<\JC\JLJ Ol LJLJ LJ LJ LJ O OLJ O LJ O O
124


































LU U|-H <. •" »0














2100 •" »-00*-<0000 •»







ujoujoxu2 •»<_)<!. <i 2:
l_>—«(_> »2_ "CJCJ »«Q1ZC0
rvl ••rsj(\|tjji\|^:cJCL)>-<00 •« u.uu
00 r-l<Sl<£-J XOH 00 •-UXK »» •> *
u.wu.wza-5z< •> i.o.t-H •• —.—•—
UQ0UO »-:si »-*;2:ZZXUJ QO-OOvO
UJ LLI X »>00 »w>HZhOZ2vO-—<-
•2 •2<r-tZU_CD5:5: oO-JLULU—xrMOUO <_) 2I^:j CJ TT.CCZ—I'-'LLUD^a.^LL
^rvi^;r>sia.OQ: mww.tj ••ljiij ujii-oo<i
z






























































• - •« OJCU-J
LULULU
U) OOOO IS)















OSONS \ ^s^ ^^<
<L<i<i«y.<a. <l <.<i «a<i^
ac v.a:w V. W^.jv^^UJ2^Z2 Z z^:<zzz
>a>uo O ououuo
<a.2L<i2.2. 2: 5: 2. •-< 5: 2. 21
a. 2.2. 2. 2_ a. UJ 2. 2. 2.
LJ L_ILJ LJ LJLJLJLJLJLJ
<_) OO O LJLJ_)LJLJLJ
* * **•«•«
X
z . • •
—100
II II II II II II II
>• II II OOOII>-»--OOU *• «• •
x ^.^-^^.^.^.11 ,| 1, ><>.>.>., 1 ,| ii^z^z^
^:——p->->-2">-^-
-»"*—••-'—Jxx x—-»-uu.aai2.
>>XXXXXX>>->- _J_J_l>>-2-^. + •^ + -iOXX^X^^YYXXXOO'--»— XXX CK ^-<0t—»CJ
Ln^;^——«—'—^— iz^^vTso~ic\)m_j—i-J oo ooj.
—4 «->*-—< CM Pt^-^CNJO) «—'— '-^—<Lj CJCJ <-»-"—_) X -iP-^Z
LJ2.J— \-\- 2.2-2. —ICMOI _J_J_J—<(\JOI_J II _J II —
'
LJ LL. (_J J_ J_ J_ >— (— r— XL id ^. LJ LJ LJ LJ LJ ~3 ~i ~) <l U)<1 U ) U_




















x—• —•»-« c\iro>rm e>—
•
a. to
J.LJLJUJ LJLJUJLJ — >-
I— I— I— H- I— I— I— I— CM I
I a.WOOD- OLJCJIJ •>
X— -»———•«»^«— — uj
• • »u_ • • • • QCCJs Q.O0
xcje?uj>-(— i— f-H- >-.r- _ix o
h- uu uj e; .^u _j _nj or*- I •
.-. • • .\ • • • • |U) •u. —*
IS U_ U_ U_— ULLUU-U. CO X U"1 OCX +-<
>->•>- »»>->-«>->- <A(M (_)»- U-P-
—.-»-»—.CJJ—w «^.x. »-».-»w*-» (_j ^.3l • •»*• UJ «-»
a:—*£.'-*£. •••!••••. »— z.tx.r- -•«-• h-oz
")U.-)U.wQQQHUQQQ in
-J«-*m (M^O CO I— ""5
-JX->>a:zz2:x22:2rz o cj^x ->av» x v. -j
i » <<<<*-.<<<< o r*-t— w> ulu. • i —a
•CM »-r\|UJ • • •«— • • . • —. r~. | ^ft j- QQUJIL 2LO ••
zu-zu.n^-»-.v)^-.-.-. a. o cr> m— zz^ #*:z:x _j—z
ocxao- coco coco coco cot/) X • cm u^o ctrac: | -»-»ow •** ui—^ac
««*«—w«|_xXX<lXXXX t— C\J • CM • «- + XXOJOJ *-* -> •*-
* -K-LU • • »w • • • I \ vOrH »CM Z • X.O.U- >H- ^3
ii^^zot-t-(-? i— lui— i— a. a. »-• o i-h • i r—x z»-«i\i <xx+ +i-a: collie
cjcxcjcxcxo—j uj ^: e; e» _j _i x X a. • u. lu uM-iaji_)i.'N»uj^.t— h- jtuhum »c_j
** + «=i + < • • «<i • • • • r—a.r-1— r-^ r^- « t*-i\jr-# r~-_» ii # cLCM <j-a:'-i_jco«-'wooco(_jco_>--nij<t
cc**cc—*y- u_ u_ u_ h- u_ u. u_ u_o x l + 0^0 • zx— <X'-'ClZ>-'oo2:x>-x t^-^'-^cc
U. U_ XXX<XXXX •OK- O—'O'-'O "O^O •OIUQ'.t-IIO CjH<-«OCJ'-< Z II m " ojxj>uj^>-w 11 wws-woh- + ^ai-u.h-(\ii-aH-mh-i-_j3 11 xk_i 11 xi- 11 oi/i 11 n *~ t— oac—
i
—I II —J M I ——'—"Q_^— ^—'-^—' il II II II II II II wU_f— >-U- _J J-a.<£.CJ |l II '-'CJ.^UJ*— -J
<m.<a.«iu.u.u.xu.u.u.u.xuxuxuiuxuiUxuu.uujxxuixxuM ui/)wiu)u.'-'ui/iu.<i
uxo>j««Mi-w«'-ii-'i-oi-e)h-oi-eji-oi-ai-e>'-i '-, ar-i-ooi-i-uuajujx>'-iQUii ,-,u
_>
CJ -1 (M PI >T U\ H (\j |>. uj CU CO
































h-lu — oooj o 1 H-fM
#2: vraa 030 *-< oozm
q_lu u">ujuj »-)i rn uj«—«uj —
— UJ->Q-Q- t— H- "» <"» *"* OOLU UJt— OOLJi/i
^ HULuujoww z: o z: i*a+ u + 11 iut—
>
-5 00 a. (— t— k- «• # —j • -j 2:— ex 1— uuu. ••
-> H- 0000 SIS -} >£) -> dsoj: 5; 2-^Q-Ooo
—
' — 2h**OZ2 I OOLLSO. LU O ijh ox
* a. -» o. _jlus:2looo^' »Z2: •• «— uuz: o*x o -k — lu—
7t a. lu 2T
^
Q- lu z:oujo_i-j— _j_j zrctrp z: -kh- + "oaj •• ol— <oujm
ex uj H- cf at lu 1— rx >- ;> ex uj lu—ilulu cmcx ooao -mcx cur}—i~4 11 oo—< lu-*o •—>• ooh-X>
+ l-W-+l~oi2wu-<>^ •>.> —<—+—.«£. —<— O a. 2: II -.2 II I— • >- <Ol)JI-<<I<I
*XO0>-< *£oO>-hoO ft SI- •«• # O* -H- •" «•••• 2:»-'^LUrNlM »>- OOOO I • 21 »OH-H-
-•x. h- ^H-1-v.-fl- 1— ^:^o^ 11 oooluooo -izxa-i —<<xcxoo»-t xx~*xo v.- ius _jh- -iluq i_j
2. *£ *xo 2. o •+ ex •-' >- oj uj • ojculu 11 c_j >cd ii 11 o + h wwikii —) »_j <iai-aDiuLU
zi/iwoi/ii/iDd 11 a<t 11 11 lu 11 11 DOT*ifl'-1 ^o-j-^s:- \— 11 --'-3 — <lu<i *u • •—00
001— H- O^oOl— t—WttOw^X>QZZZ • rx 00 • CX.Z>>*:o0—OH- >- ~> II OLU«3rXOOOH- + +
I— II Z. H- II 2!t— >- II _J<<000^>—'OvO II II CT«0 oO«-»LX*;o>_JOOX -JOcX*-"!— »-ilu»-hLUOooo
H<£ 11 -JH Z3 11 11 JOoaiKh-5.x»- 11 lt>_j cx'j> 11 >r—1 11 cui-h*-»—<<iu>r^-^ 11 <iit- 11 11 h-cuk-ox>-
^V)«C_J-JI/)_)U_JLMUJU-)-J>-'-J-JZi JiU 2. _J«^l_JU_U_ L_l — LU— || <iLJ— O-)—'CX II II
u>t— o«i<n/>»— u)>-<3.uji/j »-ujuju_ujijj<_j_)(_j<i_jin_J_J(_j<i -12. M 2. U*XO (_)•—« ~» ac u_ <a >—< >—iu_ <j.u_ m.o')>/>
I— *X*— L_>r— jih-LJOUJ^XCJUJ ,-< LJUJUJO')LJLJO'>LULJO';000->LU-^U_LJ>^CJ(J>^<^
<l ^. LU
i— >r «_» —» lj m uj
_J (J-> >T UL <-n LJ ^
LU 2. r-l »-h UQ-^ vU U.O>aj C_J — 2.































































X ^ «- O. X Q.
I o •> lulu O LU-OO —I nOCJ 0O— CJ I— CM
>t» Ql *U_3 (X II •—I Q. CI. O-00-
I CO LU-»>~< — LU ULI LU"N. _J
co cj — «* + jz ii — i— \- y- »o<tOX H M <t X < •—• >^< 00 00 OOOI— LU
vO*-* + —»«J — XX •»-< CM ex
r- * mu o cj —<a xa^z lu • + +«-uh- >-•
r-u-^a -. h- 2lu zcj*-.-* e> •• xcj




CJ XOO CJ {J CJ0C-— L_J<H/)*-4 <a(\j >- >- >-LL-^
I— cj I i— • _j cj —'Cjz i_<x—»— >-ic\i >; «x »x»—'-*—*—





lj-~zo i w »«. —i _j +Q. • • • «~- rj— xj— + »xx;
oo—*ooo + • oooQ. —oluo ^:-~>ac - cum occm ar—i o 1-1 *-1
— 'co—— — —< ooo i :>:2—o • u_ o>j- us h- s: n-sr-nu— -^
CMCJXOQ- ^ _JLU— LL «-CU «l~ 2+ *C\J CXH- • I— •»— »2IQ
•lu— »2: + • <o^:^'-4a—o •• -——i k-x x x ii du.ZZ x>coo •-— t-tf<t o h— # xw >— .*; • _i-^o ro • .—ifNj ii .— .—t ii —.^z
0O00 <t<I2:LU-~l— LU • >-< CJ • • LULL,«-<LUCM2i—
•
!!>-•* II II II II -*»>-
x> t— i— »• «.<£c£: »LU w »vO f»- 2^1100 —Z >XLUCO •— II •—• II •— >X II II
.-•_j_i _j_i'-i-» »-c?cjuj i_> vu —<_ju_x ii >-\— •• X"-*_jr\raj>-—. lu>-—. iu>— x>—
IMLULU^^LULU II ^~500<C • —l-U'— vU <l II -£i'— a)_I^.UJ i—' •—<LD>C^-—.(J X.>--»L1>X. >-•—•»---'-•
MQO»OQU-i>-w hh— ^. Q_>J-2 II <T II Z— 2 <IZD h-)<w ._><>- imX). ._x— -*>•>-
+ + ++ z;s ii jzzo ii — o^o aia-z >rw-i ^mx —i-ix — -•i— -jxxOooooOoooOOOO CX^»-—»•—i—.OO—»0—•-• MXc/IZUJ'-i rr> ^^r)*-"^*-"—i •—i '\| «^ •—i »—<—J «— _l—)i—it—
i
»— X>-K-X>MJiZ—iCUU II ^1——ZK .ZOO—<—1^ >-HO0l— —* II —(—-• f_)f<1— •-< CJ CM—'-HCJ'-Kl -»—'«-'
II II II II
»-«w^;ww || >„»»-. _ _ w ^-.uj*-— *£. _I2l.iM _J2_t\J -JJ.U -2.LJ
LJ0'>O')l_JU)l/)(_JLL.U-^— U.LL.LJ'—«_ICJU I LJ _J LU LU L_) LU OO U_ UL LJ CJ <l U. CJ CJ I— *"J CJ— —3 CJ I— *Z. U_ LJ U_
cy x. >- cy^> lj «—•—< t_) •—• •—"—* <a a. cj >-h a. cj a. i— oocjuj'ey.i—i>-n_) lj»-<>—«cj xx~> xx -> xx 1—"—'i—
^
_> LU
IM m* U. >U U. OCJ
o) ni a.^r cj imsu
cj 2 —• —•
—




-r >tcj cj cj—•
CJ CM ^r
-T CM CM










>r « — — —
m cm >• > >•
r-t — u. — x x x
\— 01 x —• cm m
o <\i >$ s: ii hh mi— mi— m h-Ororoco _i ^ _t (— i^winimimi
o —4 —i —< m m in xcm <to—««£*-•<£—»^£
coooi/j »-a. ^x —* —» —
'
— o o o a o o zz^: — h- zohuhoi-
— J— »— t— I— I— I
—
DDJ -JI O— l— <H-<t—<
,$• _i r-* _i .—• .—i —• mmin cccccc «-•» i— — a (_> o
• o o u u u u rnvor- <zz:*z ivi •> <iu-iujoj
uj<:o + u + o + o +o +a+ <<i<a 2:00 uoou_ou_uu_
O*-1 ooo "^w i— • o_i "v \ x
« —~» —— ——
.
_^_^.-..-* h-t— h- ooo xo u_ -»-»—-» -—-.
<j „— ,>- • —.>- • -«.;>- • -».>.«^. >..-»>. • • • .-cm "\o>0>0>
w~>xuj>x^>xuj ,>-x.>-x;>-x ooo —<-*—« —•u. o~» x ^. X
«— CMX i-" c/)X *-«O X -< 1/5 X"5X-5X-5 OOO + + + *"• * >- •*-« ••-• •*-•
• ro -« >-» _j i—<— _j >-<w _i -)«iw-jw —»—.—» —..-.-^ Mi • xc-^—T—'O—
a;^w^<w(M<i:wfi)< s;w-<>— rsj^— ro _i—«r-4 >>> —• 2:0"—iuj'-iujc\juim
O ».^i(_u_cnji— u.roi— u_ u_<-<H-cmi— roi— • • • XXX 5! ii ulujw «2: «5: «s;
•oox «ax »ox • -^oxoxox uau -5-5-5 1— ^: »s: *- h- h-
—«rq_J2 JZ JZ OZ-JZ-IZ UJUJLU _w^. x—• * a—x—x—x
nio-10 11 a no 11 —<o 00 • • • rncN—• —»:?:.-<'— j—> >- >
• »-X. II X II X II II X II X II X II -.«-.—. id^.5^ <Jh- II > X II X II X M
|| LUO «» -» -^ > >->> <t«5< vOX>-X II" NH —
_JH) •— >- •— >- •— >- X •— •-» •— XXXf^- II II II o x>-< ———»——-»
«• • *-*»—
_>-X»— P-XI— >-XUJ LU-Jf— ^-|— >-»— _>-UJ -5T-5 C<)-*~»—»LUUJ ••» 1—1 <—' -~ ~* ?* (\l >• C ) >• LUX—OX'-'OX—«OX—<3 O OXOXOXO—*-—^>-^->OZ)0— Q>l— XI— XI-XO
X—i ZmvZm-ZhmZ Zr-?-JZ-5Z-)Zt<1C0r-i XXXZZ«-(-inu.XX'-ilHXHZZ
H-i—
-CD •— "-• •— CM "wr^M »-<m •*- »^ •^^i—1-5 -J-50 -5—5-5'—"-<iU <lin 2mZ^Z-Z— •—'Qlw^^w^qw^u^^q^. f_-4^,_< »^cM>-"V)H--5-5~5^^-— •— i— k- h- a;—'*-w«-^wrg«f<ij-j
—* 1— _i 1— —» 1— —1<^. *£ i— 1— i— <s«-'«^-«- ni:\j—t^^ii-ifx a. s: i- ^-«^i—o5o.ullxuo.xuu.xuu uoxxxxxxoxu_xoic^ii<:uucx.uuu_i_ju_(~a.»— u_>— uu-i^:
-j»^(_yHH^x>-izx»-HZXo ucji-iZH^:i-i^:uM '-' h-|u<i<i<uuio.u i-i i- hHi ,-,x ,H XUtt.uj
in uior- «t su
•4j aj .0 cm >t r*--—1 o ut in
cm c\j m rn en <—
•
















sO — X CO
•—
I
sO •» >- lu —«—
I
*^ *-^—* fft> •» Lt_X L*-*
_l CMsO •• •» » SJ —
»
"* A-U-dZ.
O. ~^*~"-•— «• '-•O LL. •.(—• »>l_)
•• <XsOsO sO s}- «->•(/) *-djrvl
— t*CO»-^ • 00 »-» O ••^UJ.^-J
sO "• *•>—i(N) so m \— I—I X ••-' l^-JO • »
-* sO— C_)h- —
»
O CO CX QUC_) u.o:^<ao
—
'
«~ocjx cm c\j 1— z. <s> xo xzcxzlu
t_> c\jw »2f (— _j o a. m ixj «~<ix ..z
•> iiot— •• x v/i •— co u\ pi r—o —• a.-^uj
—
.
«a.2_so-» •• hh o z. \- •.«-» ^ cjlj u_^ «-a.r-g
vo H— -—o — su i_> <i *>»«-i «£ z <i »*o p<x<i>; »-j
—•
—xo— so lu >— <_j o>r <a o. x —1 •* »>x.*.i— •»
<— no »-o<-* * > 00 I— *-* >rw X X h- a.X cmcjo —ia
x *-"~- •»,— so a: m < x «h t— h- uj<i cozlu »»co
X <-"0—X —
'
^ O -" (— O CO (—2: >- »-CO:*i>-
X >£>-*sOZ —• O ^ •-• I— CX _J I/) C> CO COl_)l\J "^^SdLJ
•» <3.l\J •» •. |— l_J U_ ^ t_J IX C) C> LU KJI--*<4. •> ••_;




LU •—< —j LU LU I CJ •> ••CJ.i.O <2-UU
>o —»i——-su^o • l/) \— ci t_) a. ••ivj _j _i a. *l —< ?- cj <n. <c. -
f—t >uihiw «»> —» (_j <l 1/; 1—
1
00—»p-< i/j j."—'i— •••—'—'i/)^.
w w »-XC)—* nU _) O <l •»"»< CI l/l *—1 h— X ».C\J »_/_JU
ao ro—^x<ac_j •• »-« _i > —»~tlo -< - ••d^i/jlocxlus:Q v0->O-5_JO O ~Z. X O Ct O—•— 00 MUOXl-Z>h
2: ~5»— »-••••—' U •—
•
I— >1">- 00 00 —I CL »0 ••Q- ••••••
x 00 »-4«-—»«-• m -< j— z lu ^-'O^ —J —i lu u.h-.—iz>xz
•> 1—1—2L^U^O^O CX I— ^ •—
1
2. h-ZJCJC LU LU <£ OJ -< ^/l<S.<li
«* vUI~—»w—» •• <. LU l_J QCUJt— ^ ^ ^ ti)U)^:X •"-&-£.
sO »—«^X—tl/KlsO^* Lil l_J L/> LU Oej~3LU ^ *i <4. »-«LOLJ »-iL»_J—>LU
r-^ »-!c\i »-u
—
il/i so i_> •-" lu u» -ra «-i. <i <i _i_ i/iauijivja
•• a.—)— i/i »._(i/) •• a. x.u'1 c/)—»lj x x <—> •« •>?-iniJ2i-i-t
o uj->s0 •>—• ^sO o co luc^ z co »rnxi u o o:z »-^:> •> - »
o 2: ——so *- cc o q t-« -'-. »»e> rg u<z * »xzx
^T I -*5;sO-— LOCNJ U. >-h ^;i/5 o—< vj- uu -< -• CX CJ^ a. < >-i
<
*^ LUsOCJ—CJ LUX H- •-••-• CO COvT>T<l LOOUU-UJiiJ.3 o— h-ou- x •» z ex lliw^, —a: ad ex d_)2:i-L/)Da^
nlJO—
I ^ »-Q.Z 1x1—.-»>-« «5 >— LU *-«c0liJ-^OO O O 2ILO •• •CT-'COCO ••
—<^s0CO-^—.CO •• (_>sO<; h- lXLO \— CtDZH BLL X X \— »-l— h- «Ol- •»-}
•"r-fuj-jso ••—• »-2: •• »>co t—^c o H-»-<t_j nT -^>-<rfiaja.uj •• -z
1S)~**—<X. »-~-~»0—•<—OOt— iC LUU <3. LUOtVlCO—'CO^O—COO ZU-JQAXm





x -»< <— «^ —1a <-> —oh- <i-^«ocx *u>zoz;mz-"<i^ »-x^:-a-2:Q-
Cl—'2_t-H>-' U.LULLUQ.I-U —CO C\JLU.-i XO>-lJ •» »-• ZD idU rsj CJ —1 (_J »-iL »-OQ XZW
>-cu ••u.t—1—•auZ'-' •• »-u. (Nicx cji- o-TO—»oaj »-fvvi ••r^i •«tvji\jci>c\i 4iiocx}i—ico *
(_)>— hvqoim h-—•-• -»^uj rg lli •• m-J" — <r 00 —>ir>*z.—i "XQh co »
ZD »-sOX ••*- •«—» >-. so sOX LH— l— -» ••XX—X-TX wLLOU.-HwU.wZmzC »>2-X
x cu-»^o-^t—~— oco * ••oof-0(Mr-oujoo«-'00iocou vtaoooo «-i(; »-^^"2:zxx
CO sO •- sO-JsOsO— 0>0-0 C\|UJ<^^—I CXC7* I— >tcX <T ill UJ LUX »-CO •• •jhmZH-O X—*sO •—•<—'*-»01Q.—•— •s_2: Q;-'-^ • <— »Z »>-^0 •^-' »z; «Z •2!<l'-^2:X(X15::2- »»CO
ex o^-aaowQi- smaoo^t- oooi-<oiijuz-'Uicuooouoi-ZDOzaz-«•-•
x coujzTzaQ.Ta.Q.i-z-jNXDuzz'J^ozs.'o.^xzNZ'NZ'^iia'j: f—i^-icoaa «»
• xcj llmiojzuOi cnoM^ ny 1-4 ^t/) ^ -< -< H^v:^_i2.aHi-ii.
xi o 2: 2: 2:0 a. 2:
Z ^>n _»s. XV, 2SNii.N>s.DON3S3N
•-• <1 a.<l lu<i i <i <a (_J<i.<4.;i__j<q. .a.<i. .a. <i
I— 'V, -<>s. CQV, h\S W-iUS-'Ni-<\3 XZ XZ 2.Z XZZ •ZZXZi?X^'XZO <U <0 ZJO <OUOOO<'-iD<0<ia >0>')>0>OCJ o o
CX 2.2. 2:2. Zi 2.i.i.Zi.£5.^iiVij. -q. 2. <i 2l <lX <1 2. i. 21 21
ai X 2. X XX XX ^- X X X i X XX X 2.
-J O O C_l OO OO O L_l L_l O <—I LJ UU O LJ
«/> o o o 00 00 000 000 00 o
000 o 000 00 00 OOOO





































































» » «ii m » » •
XO CJ> uj >-(—— t— t—
•-4 •—< • • '^ • • • • 00
3 U_ U_ U.— U_ LL U_ U_ C\|
t/>Z«-*;2«-* Z—'^-^z •••!•••• t—
Z-300-3WU-3LL-)a.wQaUlLOQQQ
x>-3X-3>o->x ->>-ac:zz7'X^;z:zz o
ozzo-ww t_u_ c£ < i — i i <<<<—<<<t< o
_jLULU»-U_fMQ LU«£ *£. »-tM ••CM'-* "CM »-CMaj • • •—» • • • • «
u_oo<ia:*:x o •> •2:oo«?:oo •2ru-ZLuaj—-»—oo—.—.——. a. oon
oujujlloo<2: 2ir-*oo—i a:x ct: >- '_? en x ct> oooo«.orQcoL/-><./)oo x »cm
<-4e>o_jaJco^ ii ii • w-w-uj-w^-i-^^xqxxxx I— cm •
N. >• II O II ff •« • ^ *IU • • •— • • • • I -N.O^
zx ii z.<£.^z:>^z<£2:oi— t— <j h-uj|— i— a. a- —• o •-« • i
i_i:£—«—•Mua.au.iaa.uacLU)_iuj^e)a_i_i x x u_ • q.uj
»-t >> <i + -^i + .£ «^ •+ < • < • • •<: • • • • r~-Q.r-i— r«-H- (*«-•« r~ cm r~-# _i n
z<zz^: oioxxoana-iaa:-iqc—«i—xxu_h-xu_xxo x » + o ^ o • z
ouoou z^n^^^r oo oox u_ x xxx<xxxx «ohomdho «a«u 'loot
2:»-<z.a.a. 'jj^^*^--^_jx_j>-^_)X—i>-uj—«~-^ u w-^-uh- > t-Q-t- xt— cm>— u-i— r«)f— _u
i.ej2.a_aL a. cj-^ i m t n -— —» m —t ii t^— -— —-—'Q--—'—--— —' ii u m u n ii n -ni-
l_H_)CJU)LJ i-iUU.XU<H/l<l/)U.<lii.<lU.<m.u.u.xim.lLu.xuXUXUXUiUXUXU.UHJ
—<IM ZJ




—» LTV OOO OJ -4 O
131






<j> uj i// I—




P«- o a. 2. oo
LT> |— LU LU 1/1
*X (— ££ LU
— O 00 O Z
— cj •«• z 2:
z — 2. -< i_j
"-i
— <c u
i. co oo lu ^
a. _i2. <i
>—I »-^ LU •—
I
CCQ <3"M > (—
I •*• Z Z <-> QC U m
—» i—t -< >- LU LL
x h-oo —• :»: s: o a. a
< a_>- r» z 3 ^» o— mi— 5:
3E. _J | O tO t0 -J h- LUid in _J
Ct —'LU •(_>!— t— OO Z h—» (-JLU
_4 •>- —4^- » f I— LU — OOUJ CJO>
a or— + x X -if aas o_)cj »-
— LJ+ CXI. J <1 <l Q-UJLU'U • _02- — «
-»rr «C\J ai(J-»i —2. ~» LUI— h~;>u.a. — •-• — vOCJLL. l_J_)
Z —«* f— Z*£ iiZD <£. |— OOOOULULU <£ CJ Z I <.+ 000—
"7Z (\J-H 00-»-JO0 ~3l/) ~3 OOP -tf- 5:1— t— -> • ~3 2lw<Y. t— <_J
-><rx -» v> -}f- ->h- -3 !f 5:5: 0000 -5 sO ~5 3TQS — >-
l~ LLLL •</> —• —< w ZZZhlt * I 00LL.5TLL. -4 "O
•»+
I QGL'JX, 5Z-^ »•* Q. -K Q. •* _JOW>lu2_2: .-^is: •• ~-* LL<- LUOZ ~- * »*• Z I -J zza'iizzaiu Z(_)lu_)_jo_j_j zcr-3 z •*-+•• »oujazo —-•000 • u_ lu »cr iXLUh-ctcrujH- cx>->luujocujlu <\jc: ooao cgoc; cod-<—'oc? *cn
WV-H • XXOJOJ P>S ^(JW+(-")w +f-W2-U->?<;>^ —Iw + W.^ _<w 0Q.2. lu
SfMXCLU. >^* -NiJJ «d:00»-< ^00-HO0
-fr V^-K -R- J-* "ft # » Z>-<ZLL- II II • <_> IZLt\<XX + t2-^ 00 •<iMSi,l ^MSJfH-^ZWU^ II UW -tZiCX"-* —lZQf.Ww ->-
t_i •—• •—• i_ I— 1— jzt—iu*-i c_i 2. ir <c i_j 5; _> _> •* 1_) a. «-h aj cu >- lu cu HLj_3i_yi| 11 c_j -t- 11 j-ojoj
<iqcloo— ^-oooor. io:DQiJj<iz w'w<i3i/)i/)j<t n q ii 11 < 11 11 ooiw^^OJ^^ —*>— H _jljo'-o
ct——-MO)zx>XGJZ*'Qawh- h-a:ooi— 1—ooao'-'ZZHX> • a: 00 • a£:D*:oo-^ «-omi-
11 QO'-» zi^>-i 11 o H- n z 1— 11 zf >- 11 oooo_j<<or- 11 11 cr>oo oo— ociimt— zcC'-
^i n x 11 l_>00 It II w II H-OX—I II -^ II -J II :_} II II -IUU)X>LUHh II l/*_J CXU^ II ^T_J II ajM--T lJU-~' 11
_l u_v> 11 11 —'U)^ uj^._i^.i/ j <>t_j _;t/)_;(_)—iOLU_i_JC_l_)_li- _J?_U 2. _iiuu.u. c_)
•CLX-U*—"-J'V)0'iO')LU«—iLJO-JLL-Cll/Jl— iy)<a<-"»— 0'»>-<].LUO0VXJUJ »LULU_;i_|<a._JJt.LJ_JLJ<l—»i- II ^H_l-iU.LI_»-<
01- f—uaiaj^^wau^i-'ui- rfCi— lj'— ^it—uufLizuuxuuyiuuviij.LH/JLJUvia.—u.UiOH'-'U
OU I— CJ ^»





















«— (X P*^- »
LU ^ —' I




| -J CJl/) ^-^-
CL •> —-ft
00 o« *
>- \ OX 00
— ooaJ
#• — 1 (_> CQO ^-4 aj I
ou i- .2. |
(X u- | «» i/;
2. I *C <£ ' <~>
Z <M -' <-» -*Z Q
OO — O -O O w-» ^w
_J •" O _l «-»Z ^-njo o ||
i. lu z i-i a o. « <— cuxr- -*
z >Ow '-•j- — * od x lu
oo o mo o o \ oxo i o oo
-J *- XrOh- O _ _i O I h- H-QCCM
LU O —< O O O — | .-• oo «q.r-
> *£ t— » O I— O (X II WKU LJ-J
O-OO l_J 0"> — ~* Z LOU x—o ouo
* IUH- O OOh- -JO — — HXh —H r—
f— a. e» x —»—o cc. u» o -* * —» -»*~
^* OO + LU «—0 <-«0 *C *— -J «•»a LJ UO OoOOO I— —• # C9 3t-— — a. O O UOJ • •>-<o
a. > n-a.oo o —» •u.o o o •oo-~— CD o ooZ O _J 00 'SO _l O I «Oc0 »o I —
OO OS SZLU-^cn •OCOOLLLU+ • CL sO^OoO I • • • —
I
—I LU_J Z> <iO «"— «£ • O —2. »-• OLU I— H-
UJ 03LU OO 2L LU—4 I • •• — LU • O LL • | '00000 -JO •
> > . _JK _J—^ • h-—•-»Z * LU ^ H- I— —'OO*-' »0 • »0
X. 12. LU LU I C\|_l -Jw 0—< • <1 OCNJ-Jh- 1—iCJ • LU
* z * «£ >3> ii o * • it —u_o • o -<— •*• «txu t joluui •
2-00 O 003L OO ZOO-ft hi.?(/) I LU w * O -J Oe>
<c —i—t—« (m-»_)-j_j o on>— iizhhi— croTJJU-^i— a. «oi I >r iauw il u < u <x ac <-u
OOLUUJ 3 OinOoOLULU OOr-4 _|Q. oO 'u _jclu«: -O + O UL OO 2. <!<<-»
»—>>uooo »-h->:> i— ii z M ooq.2 ii MOi. ii Q-zzzu: a: z n •-« u lu—ioo_j_joo
h- II O O II oo < lr|^:< OOZ *i < Z02it0-i< O OJQJQQJ
ii ii ii iii ii i— ii ii ii ii ii *:oc_>i——<«- u—'-i^ii-ii-i- i— -owoc:<-<i'-«-
a. ii a. ii ix.qc_jlj_j n oo u. 11 11 u o') i/xii i




CM r<) o O) INJ —4 >r
U\ u^ vU o nU -V vO
133

m^ru^or^<DCTO'-«cMmvri/v-oix-co(^cj^rgrri^-insOr- cucro—<r\im-r'.r\ or-cooo—»<\imco-j-'n y r-coy
cua^a;uJC^^ct;cou> a>c^<J^y>(J^u>u, u>cj^ooooot->oo<_jo^^^^—<^^^^^<\J<\jf\j(%jr\io)ni^rnrnrn










21 00 O 1
UJ * v e>
cx -^ «-» »-»—
»
*L r^
II + C_J _JU> OJ
2! *: <OCJw
UJ w O 2.1— LU
cx h- 00 .+






1 — H- 0-^.— 1—
LU 00 *-*XhOOU • • O
r\l or^ lu c_? tj r ^
Cj Q. 2_ 1JOUU II <q. olu^C




UJCM t— ? ct h-OC\J ».20
t\J t-Q—f CXOOLUZ O-CL-K- «»» «^.~. -»w
> _JC\jr\l 002T> UJ>—1|
—
ujs: r-l —» • ••—I70t0 •
^> JQQ ^ v. —It— + H-uJ>>;> Ul-C? •- XCJ
-J <I -. + _! _JOO<- • > 00 H- • P-OUJ »00 ••^LU
_J s:-); * CNJ _J <v. 1-^ ^ >-H + * •» O t_J • • CJLDCJw •
< t/j :>«£<: 2.2.2_e>.> -JUu • UJ UiUJUJh—
2. QUW -v>-5: CXOOUJUI «UJ _JLU-«- IHQUW • •_j-^ *oo 'oca
to COCO fNJUJi/) OOCXCX Z <.t— 2Z COCO i— lu—iz ^: '-?«£
l_J^ II C_J*iLJ *£ *-*£.*- LCI 2. .2-1/}*: • II LU U<jwLu~'a.'i/)>-'








"i a. u_ i_>
o .;>-—
O + + 1_>C\J








<a 11 ULJ+ + 11 —<i
2. >- 2.
oo_i 11 i_>oooo_i 11 oooj 11 > —• 11 11 r~» 11 11 11 cx uj »oooooo 11 o_j o ooanoo 11 o-
q_j 2:x^-_i a> ojx» 11 1- l_i h-ooo>ox>- h- kjx>-ii- i— <-i2_s:<£2: ^
<0 <^C«— 2_H-<I ^2. *: ^CL^-OH- II U.—XI w ^,w^.^,w^.— ^.
II 2..*- II II II 2.> II UJ 2. II II II <\|->"J II CX II LU2_ IU II || II II II 2. 2. II II M w^
0")<_J O'JUJU- CXl_JO") LJLUQC. <_» CHUJU_l/JLJ LJ UJU_U) U. U_ U_ U_ U_ U_ U_ "—' U_
c_) cj *i o.x *• c_)^ 1-• j> h- ej i_i ^v *• -> 2. 2; I— t— *L LJ^ I— —* ^L c; -> L_)X> I— *1 1— l-H LJ ^. ^" -< 1— ,— -• •-< 1-•—1 >-< o*-1
r- p- r- r- 00 °o
134











<_> »-» — -<OOX
_ O <\Jw »^
<l •• ^Pt— »
** <ia.MJ—
»







z u. «-— ^(_
— 2. —«vU—XO U. il«-'vU^.











.- 21 -J— •>
^. U_ 00 •--1—
_j ,-» vyt—w^—
U. \U »—*» -J_«-*L/J
<_> •—' -, ;\i »-u 1
cr> I
• •• cu—>— 1/> »
vO O UU-}vO •*—0—0 o 2: *w-.oK cm o >f » — 2i^o«-
+ + cr« 1/) o —» u.vo<-i-*o
(J U 2: >f S LJ—.h-OULO •-' —O 3 —
*
vOO- I —• -ClZ
«— o «J ^ ^ lt» ^u c_) 2: i_> *—4oj—)*u •—
•
_j «-lj < cr> *a to 1— i/O— wcx •»>-— vu
-< a. u o<jj -n. o h- <_) 2. «-hoz3— 2:^^
I — I— «— Ol—O _IO —I 30 —<Ue>vOLL—
<
O— • t— LU UJ 1/)<J CO^'2.'—•»— ••li.UJ
CO + l_J —42_—< .-• CJ O II O *£ >CQ •>LL-»-h«-CLO
h- CD OH OO — 0>-*~* mnUI/)«-i
cl —» — u^; + + -*o + i— + 4-2: 3 on <— ••
2: —I • —J< — SI U_ CO—»—lO-h——
< + -^ < «-» «» ^ + — _l — _J LL— 2T X O - O.JOOO •-> ~3 3 X>_l CJ ZZ—I x^ -? 00 U_-4vO .w<w_
• 1-4 • « 1 ^- • coco <<:<i >- oooo<i .— • cc 0"-*^-oao>-<o
LU — f-O eJQ^-J OHOh h-l— 2. O X>2. —<(— Of t— COLUZ^ZQlO
U> O O • • »U_ ^ UJLULU _J_JtO _!_ICO LULU »X<^) UL >_, '-0<-J
•
_J »s0 f«- ii II <5 •»— <S> • LUUJQ • LULUQ II O • LU LJ 21
-» cl vo —<— o <>i^:h- qcj iu ou 2; ^ <c^ _>>«>
—
'jC^J CO— UJ ^C II — II VJLU UJ(_J II C_)U^-l IICJUUU"7^:ZUJUJ >-i < 2_<l
Z*-"-* II COZ II to II —- -5 ^<_>+ ||« ++ CO* ++ 003 1333 I— »V •-">.
—'O ^ _j^,w«-» o II —I tt —I ZIIOII^ZZ? 3 xz xzO II —OO—O— Q.-3I—-;as^ t/lt— X>JOt- ^^JU 1-1 —< ^'-"-'Ct: LJ <o <o
«-» II ^l-v./h^—UJ-h- O^^. <1»—-»^ <I I— 1~ 21—•i «— I— I— 3 Ct 2-21 2.2,Ow ^» ^- c_jc_i—1 11 lu a. 11 11 a. a. 11 11 2. ^.3 -J ^zt-um 5; 2;
U_<^>—«_J(_JU IL_J_<IJ_U.a.^.LJU. U>U_t_l U)t_IU_(_) L/)LJLJl/)L_)l/)U_(_JI_ILU^._J (_J LJ
00
tj O ocj
>r >oco OCNi >T -0 O •—
t
OlvT








(NJ X — ••
LL CO • vU-»
>- UU-^—i «—
o
•» •» UC.2.UJ -!•-<
•• o —• ^ xu-<c ^:i—
— -h cj u_ •->— »-o <a
v<j >r •> >-co »-corvi CL12:
*• I/) <— O ••^UU^-5 —
•
X
su in 1— •—1 x •*-< i\i.jLy •« •• 2. *
—» o v) a mu u.a<i<io !-»«».,
c\j c\j t-t z <jo cllj x^aziiJ _j oh-
I— _) O Q_ rq LU . *-<LLL »-.Z »• *-_}X v/J »—• co u\ pi —u »^ •u.^lj ** r> it 1
•• •—
•
LJ *£ t— •"-* Z »/»CJ UL^C »»aK.IN vU 2_«—
1
— <JJ LJ < — .-4 Z Z <L «-0 XIX -? <-* h-
>u lu i-h i_> UvT «a «y. x _J •• "X^-h- •> <ii x
•• > co 1— •-. >j-w xxi— clx txiuoja x»-« cdcj
\0 a M < LL —»>— I— I— UJ<1 OO-iLU •*(/) _J_J LU
_ 3 <_>_«(— (_j co h-s: >- «-co*:>- •» •• *lu
.-• cj .<£ •-« (— oc —J v> 1/) i/) cocj<xi »-^:^.^;l_i —•-» —»o,
H- LJ U_ Z Lyu. CO CO LU U(-H<i •» ».^ 2-^U vUCO
—»




uj w j u » wauioj i—«w »* t—
«U •• «/j 1— co c_j u. »»i\j _j _j a: z.—<> lj <£.z * -jo» i>a
«» «>^ LJ <l c> •—
«







V »-o •-• I— 2- *"\J ••-J-JCJ <£ 1 1— 1/)
a *. 1—
1
_j >. —»^rco H-t -« ••o^cocoa.Lua: •—•(_) ik
LJ sO Z x o OCT O'— '-, 00 Mijr:XhZ>t- -JX coo.
••
-m0 CJ •— h- >3"> cooo-JQ. «-0 *Q- •»»•« •» •« Z
*-. m -* 1— z tu —'0> —J —i lu -u.-*<-<z >xz m-» ••
vOCLI— Z "-H S. I— IJCX LU LU «£ a3<-< »-^><l >_<l.aL CJsU—»••
«-» •> «a. lu lj croji— z z. z. ou^x »ii »• -jw <;-»
<4.vL)—• CJ I—
I
V) LU Ljej -JUJ *£ Zl <l "-"CJl-J ••^Ll_J_>LLI L_J INI *-' >(J
CO v£) LJ t-t LU Ll> «TU. i. <L <4. J_ l/)aUi.-JXl/)U X U) —•—• Z.
JVI •• Q. XU1 LO-—LJ X X LJ • »iXlu^l->H »-_J 2.LJ LJ
•-4-0O LO LUCT> Z (/) ••fOLU OO OCZ *Z> •>•»•• C\iOH-UJ >-!w QC O O »-• »-<— <JJ AJ CD<2 * -X^X OX III/ I—
tocxj o_ -< z^o O"-1 vj- co '-^ «ttUi-;a.<M< _i » culo <i
LUX »— >—*—• CO COn3"-T<1 COLJLJXLUJ«.2.5: l_J—* •-• fvl
X •• z O oc: ujw- -»a: cc cc -a. _i ?r 1— co rj a. \i 10 •• »« «-h
ixi-^^^i-h <; >—^ lu "-"(/jaizoa o o "^co •• -<~o>~-<n<r> - ••—» *——• s:
QvOvO I— Of.^O I— OCDZ^OOU. X X H- -K- 1— "Oh- "> —' —< O -0 •-*
—Z •> "CO H-^: O H->-«LJ vT •".»—irqiXJCLLU •• -Z CJLJ ^—» (—
*->w^>iJI- Z UJLJ <l UJCJ'VII/)'— I/)—'O—COO ZU-JUXXm —i_l 2-(^ Q.
o —»>— ^: »-• s:>-h qc 2-<t~>>-c:uLuoujoujLj><LJ.£: «-c)<i<i> ljo o^-tc a
-z^qw —»c >i— <->ua: -u>-Z'Z)Zc^Z'-*<i ^ »-x>-i-xx uxx i— «=t —
3
*^
XOQ-t— LJ —CO <\JLU.-t XOUJ ••—..JitlLJCNJLJ—'LJ »-2. »OU »-Q:^CO _!»••• CD OJ ~J LJ
^>_ » ».q_ j\ja "-Lyi— LJ-vTCX"—«OrQ "Psl »»rvl '>«l(N|eJtxi <^LJ aji—>cO •• U_LJ<—» _l
••>———• —
-^UJ (\J IXI .» -r)sj- —. <r CO —*>S)Z—i »XOh CO "0<3.<l •••.•. CJ
-«MvO>OXin-'l--» XQ.-»U.^X »>-XOX—XwU.w20"5Z< •« *2-Q.»-' •• » ——•—
•
X
voco ooi— 0'Mr^uuig>o^-ooTaoon<rL)cooo iz »^>:zzu.ili «-qq— >o o^
^—OnO^o <\iuKr-i—i a:c^ i— >tcii >!- uj lu lux »-lo » wM^hOZZOw-"-
na.ww ..^^^^w • *_ »z •—o ,w «z *z *z<-izu-cc5:2- •.co_jxlu>-xc\iq
(— 5ir')OUU<HUU(JMOiiJOZ-OfQQOaOUai.^JQZtf2^'-'U.OU<lQ.^X x
xu.o-1-z-iNiQ'jzzozQZzazxzNZNZNaoct: _<—.coca oixiluu_co<2 i—
ZCJ—iX. a-jg^Y >-*¥. —t (-co ^. *~t ^_i M^^^j^Qt-M^wuo-iajcoz
S SICJS-SILULULUUJ v, LU
Qt^v JS\U.\\DJ\3SJ\ CJ^>e)\LJVl>LJVs^ ^ v^^ ^^o; z
lu<i i. <i <i lj <i<i -2 i <i 2c <i ?_ <?. <i<i<i<i <i<[<i <i <a <i <<i <*<i >>. —t
2-Z XZZ 'ZZXZ^XZ'KZ u->z-^z^-izu~>zz z zz<xzzz z>do <uoaao<i>-'0<u<o >a>u>a>ua a oaouoo o
2. 2-i.i.i. Sfc. 2. 2. 2. 2. i. 2.2. 2. 2. 2.C 2. 2.2. UJ
LJ LJLJ CJLJ LJ LJ LJ LJ LJ CJ LJ LJ LJ LJLJLJLJLJLJ XJO UU LJLJ LJ LJ LJ LJ LJ LJ LJLJ LJ LJLJ-JLJLJLJ I/)
c^




cm c< » *r in o r»- cucr*o—'cm m -J- in or^aou>o--<r\jci)vrm<;r^«>u>0'^cMmvrm.or^^cr'0^ ,'\jr'i .tixi .u r~ aj

























IX J— UJ i— o >—
4




O •!— cc u H-4
ZOO ^-
-.(— x o




C_J LU L_> i—
«
z
• <£ «-»o >«l
l_>2_0 LU — —4 o
LU • 2. 2. a.JHO U —o i—
i
-J y- z s:i- Q.OO
<i_i o <o •—
4
(/!-»
o-^cj 1-1 cr> -»u X
ocai CM OO o + H- O
OOU-IM O-^ Z —
1
X o • -T





z: CM OZ u><a —4
LUOO<l —«i— CX|- OO ^ ^•-4 X VI
^ t-< <1 »—
1
•2. CO ou






i/jo h- • OO X
Z> -^ I a cxo -^
O—i*-1 u— LU— O z • ooi— •»
o:<a om a-* U. O <ii— XLU —
cncxuj oo • O •o 11. • m
OOJQ0 SIU «> • 00 • —» —» • — m
002^ u_oo • <T)LU LUO Li. 1 CD ro OUI •^ i—
LUH- Z_J iu o KLU Q —. »-» CX) II _i
ooooo < oo • • < .—
.
•— • s: •?" • —
»





X-^X • II • <I —I'- ~4>»»»CM O ~-CM Z.O '-'ZQ. o 2LZ0O00 5! CM
H-h-« 2. o LL, "5: 02-000 C\) -JfM-l^-lr-l QO-)—
I
CM >—» • a. "oou^—
<
w »JJ "-• 1
UJUJ I II • *^* cx_£c_)»;u)c/)t/)c/)i/)v/)o oxooo/) o*> LX) ~- (M a. a. a- -4J
Z_loO_IO II h-OO OOO 1 xxx>-xx^ O 1 XX —15. s:oo II —1 0021 LUZ S —
LU_JU.J_JO— II CL< ox 00 II OOCQ oosro-j :2:00m




^.Sh-Uli-«w 2. r-H.W"-' M ^— —
'
s:w>^ 21— -'ZO II —' II h-
2. «— II i. LU <M—
•
(\|i-<<-<(\>-<C\J CM>—1*^M 2_ *—*--- Q. Sl. 1—4
LJ>-H co >—«a.Li_ t— U_l/>l/)U_U_0')l/>U_U_0 oov/oco 0<JULQ.Li_U.O-)0 (Z)U. UL'HU.I- CX





-IO Xl-4 ^i 1-1->-*
U.




























«» cm z. mrr> .-» —










•a n 11 00 X 00
II
ii m 0m, _^
h-h-
• 00
H- o 00 00 UJO 2: CO
_J _l~* 2: 5. 00 002: — <r
X X X X -J00 2:




-ilX • • V a. aj 2-




ir\ zino _J _J 5:2: ON 2: • Q-
•» o XX •CO O —
<
1 • 0O
•* *-» — Of) 00 — h-2: X 2! XI -"21 X
_i -^ O ZT XO-* •—< • 00 21—OU.« 1 —
•
X CJO • • »—
1
<r • ». UQ.OJ *• •—•a. x>—'X a
* • • l—l— S 2.LUITV 2-2 UWD in -J 00 1— oo-i —
»
X2:
X mi • h-O l—O -JOO x<rx_iro O*—"—<o —1 | xo »o CNJU.*- »Q. | £ 000 >-«
>r«2 •>sj-ocr>o-J OxT • •-4- 00 mi/) »o _)_J^ —« 1— r-\ —
1
OOUT\ OO >»» >T _J
—»U_vtl— UJ • i\i •O u 1O •2_~4 iiaau M —• M • 11 II • II — II a. una
UJi«-» • II —
'
—4 XXr-l II 1—« II 00*— OOOOr-l 21 ~i —
t
II 00 00m—< 000
\-cc h- < <t 0000 _J 2: II 3l«-«-«» II —
»
2: II — CO-. —
»
<i uj<:_j--»zo zo xxo 2:0 00— 11 a oo_iz: oso OOX 2! < 2 11 II OS II II
i._)i— a.«-;2.*-l- —t- w>^|— •-•I 1— «— —-1
—
Ji 1— _j«^w-* h-<«-l— _Ji—liw—w H-—
a._j>-tix >














CM O) CM CM mm t—
1
ni P) n> OlO O O 00 >r O O
rg m—
<





















aC LU Q.Q. ZO 00
oa 0000 o—< lu
I— O XX »-« —> o
LU OQt *•* f-O Z Z Ot~ —
•




a: o 2. 00 00 *— h- —•—•— —•—
•
UJ 1—00 U_ OO 21<£ OtJ LU LU -J -} -} <£ CU (_J
LU LU <£. >-»»-i _J CU —* CU .-..-».^,»,ww.-» i_j (_)< f-00 1 uj •——• <-* -> —>~)—>—<c\irn~>'-< h-tj
OO OZ •—1 CDCQ <^JO —» — — w^-w-s; 5. ;<__ I— OO
LU LU — I— X>- OS —t O —«<Nr<-|t— H-l—S < 0'"£ O
_, ^ -»a:2:—a •-• ^^: >- • u_—^ s:-«i<ii«;*:xxxa _j oa.
H—»•* CNJLUXZZ O0 CO'-'—' I—OZ «^-3< • LL-5<t<I< J- _J —
h-.^- •—» LUZ «->~i CJ Zl— H- —< >-iLU-3 |_ ». I— Z »• li II II O — H- O
—J 2.0 •u. »-5;— a. << _i »-j _j—15: 11 _i »-5; 11 11 11 11 _j o<
-"^^'-il-'-IOvIwi • —<UJt_J + HH • >-» • —«— -.-.-* <l J_ Q. •OJ^mmJU II >hu.O > It I I OJQ I) LL. II •-•»- II *-«——<~-»^^^—* <J> »h- 000
<*-,2.—
'
• ZXI UJ v" -5 U_ LU CJ O.UJ COO 2 "*.OCUO ""3 5. 2£ ^. il ^1 ^ i£ i£ Z<-» COX.UJ
CU3LLU2L • LU II II _JCU Z OJUJ—»i_j—l~5UL ^.PILJ_J U.'X.X.^. - - "^ LJ 'X. UJOO •
O CU ~5 LU 5T 21 0-? CO—'O II II •-< OCLSICULU
-J •*—<0C LUCOO -> *• »QQO •> _J LU «UJ II II
a.—) u_ »m -^—
»
r*- ctroo— cuujo a cuulucnj qoo^zzq lj—«a: •-< <x
Q. II II2LLOH Z-< LU II O—.— II CLK-.0 —"(MHZO "-"_}—* li Z^Z^wi-iZ X _J_J—•—
Z
II w ^ —— h- —1-7-3 w-uj_Jw —1 •—1 1— I—— __J —-• _i_i-(V ww.h-i 00 || _J<— Q. 2-2_>^
LU (_>^-« LU UJC-JCJ <U •—'>»«<_> 2l UJ_J UJ**' _l <l (_)—*-»—'—<l\lfi|—» UJ -J 2_>— **
t~x<ciu-h-u<iii. —J^UJajuj^c ucLUo,;<au_LJ^i—il_»<j.li_ j»uJ^c.-^;'*jPii— 1— t— l_» u. t— <u. lu •—• u > u. u_
—»X >-* LU >—• _) CJ <—• LU LU -»> •—•(_) ^.> •—« UJ 1—••—<UJ'-<LJ>—iU.(JJO>—I UJ •—< CU U. U. X J- J- I— J IL_> —< —iO")"—
a. cu i_> x lu 1— —
2. 2. -J QC -> II
UJC_) UJ OUJ <L UJ LU <lO O UJ UJ_J
0>3" UJ UA\U O r- CU OO OO'-^ l^J CJO 01
o 00 O r\j O —< "^1 ni ~*





























o < 00 -»oO <?> o H o <fvT
r*- f—
1













Ocj «^O h- OCO LJlM •OliX r-«
1— CJ t— 2. LJ o *• <_» (XO'-« ••
CJ r-4 . Q. LL —*Q. r^ o »-irn s; -^
o o >. 3 LJ2 :J 1 2. LU ««••>« 2. s
o »-« O 1 *-< 1 "-* —«. h- •o— *- s:
*". \- I— jr CO < xcNr>- 51 "-"
#^ Q. Oh LU _)(_) ~.UJ _JCJ OQ-i^ z a ooco Q. •-•
o CO CO CO 1— OCO 1—
->*i UL a.— •mo ->X.Q-
cox • LU 1 + LU H Z)vT <-» *-rn CO
• Of- U_ U> «LL O h- II II -JQ •> II II h
o o It II UJ o szcooou s:oo <l —
1
o • ujs; •mcj (NO
CO Is- LLI •2 71 CO^OLLI COCOfNO (——»»-» •—t— LU Zi-l-Oi^ -»-» II CT>
2.<l—
1
• -^-^ u u_uj JHQ •CU2 l-HCJ V)nJ-c\! II cue-) _j r-«w -JfOCJ >r—« ii cj
LLZ—
«
COcO 5: co LUI— -^-K rO h-LL-K HI •• *» 3—
' + • l-S •— cr\ *. mim. cc\
HI <5is: CO—if\|(X<S.(\JZ <I<Zf\JZ CC'—*—* -» z 2 zdq-o: * i.?:?:-^
ii a ZULU. —I IX h- UOZh- OO us?: r-l MOZi.0C OTi»-.oo 2L2:i;so
it »— w
.
£2 — <I II _Jco ii II >-<h-«-cO II II »-•»— u_ _•*.» 2L K-l~ —w (X ^i-cnj ww.wa.h-
2. *^- *-* a. _J CO CO 2.*- *C II h- OJ II —' CJ 2. S. *-«**
—<U.U u.via u_i.r— <iuj<-oic)i_ia.u-'.2-QCv/)cJ CUU.U.C, OO U-UJ o U-cjm U. U-LL1/,1_J
•2.^0 •—•._ICO
-•O-JOI— a. -KltJJ'-'h-.a.'—'<3.0 1— -3~> t OOa.'-'aL u)^:«o ->-?(•»—JOO
CJ
-H-
O OO U.O UUJ. C1.CJ O O CJ o
>r r-o ^cv 0J:j







rg <\j CJ 1 o








—<CM Q- m — —<CM Q.- CM
«» •> OO •* 2. •• •» 00 2. •-
2.2. 2: 2: 2.2. 2. 2.
2.2. + 2. *— 2:2. + «- 2.
^-«%_' •— ! * >—<^> >—
«
•~—
SIS! — 21 Q. 2:2: — Ql SL
U.Q. 21 a. 1/) Q-CL 2C0OUJ a.
-J-5^21 -j^s- ->->^2:-k- ~3
*-» in -*IT\<I
II II II u. 11 11 • 11 11 11 U. •(— II
00000 mo 00 </)o
>T—'IN II II 0>TO) II (_>>r^^lM 11 ^O-T
2-2.:?;-- 2.;r.2-— 2_2_>-;— 2t 2.
2.22:2:2:02:2:2:2:02:2.2:2:2:1^02:
— »-»w2.2.|— ^»-—w>_(_—ww^_>*(J| .
2-2.2.*-"- 2.2-*-"— 2. 2. .2- «-»>-•<£ 2.
u.llu.u.i/)(_jli-u.u_i/;i_JU-u.u_u.u_<j.OU-
O
m<V U-2. —< 2. «-*«M Q. 2. —• -» "*
••••(•> 2. •• 36. •• •• OO 2. •2.
— 2 2: —• 2.— 2:2: — 2:2.-
2. 2.2.+—' 2 «-" 2. 2: + >-« 2. •— m
S w— Q_ w Q- w«— Q. *-. .-< 00
~- 2:2: — v~) s: oo 2:2: —00 2: o. —
•
»-• Q.Q. 2:* CL
-if Q.Q. SI* O. 00UJ~4
i^o. ~j-3^2.u ,» -3*:m -j-j^sm -3^-><- 1—
—
oo —• • • ** • m<i
11 1 11 11 11 a. 1 11 11 1 11 11 11 o. 1 11 11 »i— ••
-ro 00 mo mo to r-o v/>o
— 11 ct>—»—•—» 11 u>—— 11 u^>— . 11 u>—— h q.
m 11 o>tcmc%j 11 11 t_><r-< 11 ovt^'nj 11 11 OvT—< <£_>
•»— pi > c » — i<^ •» .—» r0 ** * ** "* m • *»»mm
2T2— 2.2:2:—2!— 2:2:2:— 2.2-2:— 21— 2.2:5:
2:2 2".0 2:2:22:2:2.02:22:2:02:222:2-2:02.2.SUJO





























vur^cou ,LJ^cMmv^Lavor^ojLr>a^i^aiNrLn^r^ao(j>o^^ | "i^^
-» C\J xO ** X LO •
—I SU » >" LU—<r_<
_j r^ivu •••.•• >x> «» f-i j_u-*c
U. >£>—.-».-. —. _I LJ LL, »-h- ••<_>
•• OIlxvO^ O -J" •• >-LO «-rxjr>>i
-^ .»i/)«-.w to w O -iaJZ")
vo « •»>-t(\j >4j m i— •—i x •—• cm_?lj »• •>
<-• NU-—LJh- *— cj co ex rucj llcx^^lcj




co m o» i—o -h ••u.r-ii_j
—
»
<J.2-vU-* •. •—1 LJ ,<£ h- *-» 4L l/)l_) U_*£ »--2.rvj
O ».(_*-sO *" O <_> <1 ••* —* ^Z <£L <l »-lj x«q.>; -
>
-* "Xu« vu lu <-•<_> OvT <a <a x _i - Xi.i— *
— O •*(_)—« * > CO I— »-< nT"— X X »— O.X WUOJa
U- w.—. ».L_ >OCX h-i <. X »-(— h- t— LU<1 OO*^ UJ »LO
a. ^ivo^.x — _j o »-' ^u co t— a. >- "ui-^o-
u, ii'-'NO^ 1-* u ^: •-« l— ex _/ co 1/) i/> ^)c_)cm ».£.^:£.lj
* «H\j •.*,f— (_) LL. ^Z CJ LX I/) CO LU •-< > I— r-i<l •• •_>
•—
•






UJ UJ _l LJ — 1/IXU2LLU
MJ
-—I— —'OO -co h- l/» L_> u- -'M —I —I CX.^-^>-v—'«£!*£. -
«— vUX 1-<«—w «~ l_l <1 C/> •—
<
(/J'^'_« C/> J_»—<|— —-*>—<J)<C.
w w
-2_L/>-^ vU _l LJ <l •«•-< V* VJ 1—
1
t—2- -'M -_J_»LJ
cq ro—»u_<io - •—. _j >- -*<j-co m -! »-cj2iLOLoa.Lus:
O vO-}vO~?_JO O Z X O QC O— -< 00 «OOXhZ>(-
z: -o>^ ^^*^»o 1-4 ^_ ^-> coLO_ia. »-o «<i- •»«••>
U_ LO ».^-^-.— f) M y- 2 LU ^-0>- -J —I LU "U-i-i—<^>>XZ
•> -«—»S.vU O^U a. 1— ^ i-h s. K-_3tx uj lu ^: aj—< «-lo<Sl<J.-s-
— ^jj-ww- •« <i lu lj accut— ^: ^c <z. i^jut^ix »ji^. »•
>u — «—X'-h oo<inu—• e; c_j lo lu uu~juj *z. *z. <*. ~~Lni-j •'^.u—;tu
—< >-<CM »U._Jl/J vO U H UJ L^i xJ-U. »-i. <3. <3. JL 1/lllUi IJ-LOO
•> ex
-?— c/) »>_)c/j •- a. xtr1 vc«u 1 1 u •• ••a.u.LUiif— -<
o Lu-50 ••— —*o o lo Lua> ^ lo tolu i_> o a2 »>2:> • •• ••
o z: ^^—.so w qc o a — •-<-» *-e> cm o<z •• »xzx
>T I -»i.vO'-' oocm Q- —* izvi o--< vj- 00 ~-4 «aQ2.a<iH<
— U-vOQwCJ LUCL I— mm LO LT)<r<r<l lflUOU.UJi.ii
jC 0«— (— ou. X •> 2: o ix" LU—.W -*cx ex ex »-a_J5.i- onja ii
OO-* I —• •"Q-Z UJ—•— •—• <I >-— UJ •—iflUJZOO o o 5:00 «-co^->oolo
'-'ZOlflT'tfl • Q>00 H- CXLO (— OCDZwajLL X U. H- !— h- OH »>-J
•>-»uj-5o «*—. t-s: • *-oo l~^ o y——>u <r —^oujaui •• z
CO—»«— LX «-.o^w<)vUH 2: UJO <l LUO^LO—'LO^-LO—LOO ZUJUXX^
»-«vOii_j— s:vu—^ —^-z hi 2.H-. ex ?:<-3>!iiujoujoujo><uz •<j<i<.5;.
'hU(JOU.-«<-Z'JOh( ~.lji— <— ljcx *-u>zoz MZ—<*^^ «-Xa-S-5-CL o
t/J—'3S. »-*«-» tNLLLULL l_JU-^ LJ —•(/! CNJLUh-i IO 1" •— _^ ^. CJ CMLJ —«tJ "S- >OU «"CX^l/) _l
>-cu <>LLm« CLCJ^h-i ».(j_ (VCX KJJh- U-TO— OUJ ««rvj ».rN4 «-r>sJ(MeJCM^: OOJh-ilO * LL.
(_)>-—» H-tviJLO»—1 «.| >«««, —»'-«LU CM LU •• C^<T —• >3* CO '-JLO^~? XQf-W »"Ci)
LU
_> •.vyii ••^' •« •"—HH^vULLLn —'(—-» LL.CX— U.-TUL «"«— U_ C_)U_—«U_ '-'LL. *- 2T C) "5 Z<1 •» »-5l 'X "-"
z aj-»^o— t——— -ulo •• •»ooh-ocMr^OLLio>o*-uoxocoa>tucooo ••^ ^szzu.uj »
2H-. v£> ^ o_i4jo—oo-o cmuj<—•—• oro i— <r re <r uj lu lux -lo •• »-t-"MZi-cj>
LULL ILHvQ .w<wwf»iaww «*-2CX'-'— • ^- »Z •«-»Ci3 •>— *2! »2! •Z^-'ZU.CGSi «-LO _J
LDUJ O—OQQhQI- X»IUOU<KUD(jH<c)iLiaZ'-iucOUGOOUn5:ZDQZ(XZ-"-< LL
excx cciujz5:zaQiLLaKZ_iNXD!.3Zzo^Q^scLZxzNZNZNQ.aa t.H-.H-n/)co -o
'XW U-h-ilOO^ClJ -3X aOL)H^ •—i^; -< t— t/) id h-« >— w^^^Ji.QHMilM
LULU O 51 21 5IQ a. 2l LU LU LU LU
-iZ ds Z3>v cxv. 3\\u.\\dj\j\j\ eJ\cjJ\o^e)^.^ ^ ^."^him <. s;«q. ixi-q. i. «q. <H_J<1 <l -2 l<li<li<J. <L < <a<l<. <3. <l <J. <J. <5 <I<
t— t— •v, h-.^ co>>» m\\ \\hiu\h.\m\ Lic^rxv.ai^cx V.V,, v» v.>v
-^=3 X2 X^: XZ XZZ 'ZZXZZXZXZ 'UZUJZUJZUJZZ 2: zzr
ou <o <o ido <auooo<HU<5o<to >o>u>ui>ao o cjo
CXCX i.2. 2Z2. 2CX1 i2iZiii-ii5:ii <J.i<li<li<lii 2. 2. 2L
ojcu 2. a. i. ii. 2_i. a. s. i. a. a. i. a_a. a. i.2-
-J—
» LJ LJ U L.JLJ LJl-J L_J i-J LJ LJ L_l LJ (_JL_> LJ LJ LJ
LOCO LJ (_> LJ OO LJLJ <w» LJ LJ LJ LJ LJ LJLJ CJ LJLJ
—•X**** —• ******



































CMO t— LUOX XliJ








_j_j >_mDO o__-cXX t-<->
•> •> OJCD-J
uu
<l< • » i-
•l\J
~» o
O C\J M «. <\j
OO CMl/) CJ 2_ —» ~>
t— >— »\J X 2_ (_) h
OJ Y- UJ o
• » —.-»—• h »
— i— u 5l lj — 5_> >:—•>_?_ :s: s. 2: 5; <iQQ-OOO h O*-" X O hn-»—»—._-<_«_»— w^---»lljZ2vO-ws* O O — ~) jMO^j;HHirt<iQs:o




__: ii o—kz q.ww^quoj-jo-j >o
xiuju_oo<iz s — * +zoo o ii -
uo_ioucq^ O u_m oh--j h— «_o —• ii n ii ii n ii u ii n h
s oo zhuj +o -h o 02:11^ II II -» IIW< HCJ »00 « + 0Om + Z —>-4 LULL, -»^.^» ^.^^^^^oOZ
<l<l'^ c\jo |— <\jl_>lj 2.0 »• O •.£.—• II «—i-»</>i/)l/) —»i/>i/)l/ii/>i/>i/)__.
—»>s
,V IT\ O inUJ<U_r\J —<_i +CNJ iyi Z^Si.5!o05.S2-5:z;2:LLO
<Z2Z —»0<£ O •<£ iZZ Z2 < II 51— 2lXX UL 57U-U.UL.LJ_ LLU-ZlOuuou h oocnj_j z:oo_i ^o — 2:0 .z llhhllzzzu-zzzzzz-o
H_^a:i. II II •"-•(— »*M| II M|- II H y- — OO^liL ^ 4/_.ww«_.w<(M
0__3_-_. II I/) II II l/l 2. __. II _i.«—-* 2.— -.(_>—<^-_-)>_h 00 <a.(_J_^UJ
t_)(_JUlO —"<it/)LJ LL.U)l_JU. <q.LL.L J "< U- LJ U. UL U_ U- U_ U. U. U. U- l_J i_I (_) <4. U_ l_) •—• LJ Ul
-JOOO __,-_. -i«a.o__:.-J '-khj'-'^-jci __;-5 _co M^^ (/^i/|v) l/)i/)uou-JJUJHU
o o o u\ 000<_>_<__ oj ni sr
o —• o o 000









_l p^sy •» •• •»





• CJ —4 X4J-.CJI— *--
O -J ««« —«<JCJX CM
Z C_J— CJ CM«— *-Z 1—







LU CC(— •—4 — XCJ— •0
CO J-<CKM X vO ••CJ'—
•
• 1—4 —4 2; —4vU—X «-»
21 Hi u_ iC— njj^; —4
• CJt-4 11 •* <i i\j •• » 1—
LL. ccx;
CJ MJ — t—— nUMJ
J-









LU O CO>T< —
•
CO ro —» u_ <i i-j ••
cc CM 1— »-LU —» 0-5<J-5_io
a: O (/1—'a: —
»
2: -5— - - » *.*











*L >— .CCL-CJ CJ vO |— >-• JLt—4L/;<I vC>-^
•—
•
CJ-JCL ^ 1 r-4 •—•in. 4-aji/) >4j
CJ CJ — •* ex -7— 1/) «-_jiy) •»
X «o II LU LU-50 •—
«
1—4>0




_) 2_LUU w "2 UwhOU X




OO--» » —> t-O.2- UJ-»-»
CO t- * _J m —» u. in ^Z'Ol/lT'i/) - QyOvO
—4 cj-» z *: K-4 •-* •..—IUU—> >y •—^ 4» ^^ •* •
-^ • —» -LU II •a 1— CJ CJ ty)-^^-«CC •»«-»-^vU— >—<s(J O
z Z m r—
X
fOLU -j CO CO CM •-• vU i^ _3— 2. vO— MXM
•» h-o COl/) CD -J w LU a. •-•<UIO-OX'—<— -i-iQ
—4 ft
_jin LULL! • •—4 h- w »• co—'a.*-"— xuju.uai-
3k OO >^w I— cc I—> *• a. CJ >-co e-U_r-i—.U.CJ2H 1. »
— K- • •» X. Cj—I—
•
2. • o>-—• •—4vOCO>—4 • 1——»*^
2: 00 ceo CJ|- •_I_J • 3 LLI r-1 3 4NVULL- «~>- • —
•
—'OO
O- LU OCNJ _l < * 1— 2:
_J CM CU— r-4 LJ— !——».-» <) CO •• •»
-J 1— •0 • H- •—"•—« —4 • w 21 v£> ». vO-JOsU—a 00
—•in II- —ll-S.—
•
*» • 1— »-» O LU-^vO •«-*<— ^*^-»CL«——
II LU WO _4«_»|— z a.z:-» ~ -* ^* •h LU CJ— •—OQQwQl- SICl
Z k LU • qc2s:_j •.—• a 1-— - CM m CM co CJ aiuj^^^aQXU-aK
** f—
1






^^x* CO LU CJ 2.
•>
_) -JO i-^r^ (Ml/) i. *-* •»!*— ro— 2. 2. •>21 •.— LU z *c^ U^. (X^
i/> CJ •in —'cj <!(_)— >-.-JCJ —<«-»-5— -3— -JLU 1— >—
<
<a 2 <X lu<i
s a: — ».r^LO II XI- 2- SI— in II 2 —2:— 2:^ 1 •—
1
h- •>s >-*>s CQV.XZ aoi- —•:*: Q-LL—
1
U_Q-~IO_ —IO. —ICJ XZ xz •SiZ
za: z> JO <a l-^i-n-jao 1— -5-30.-50.-50.^- O CJ <o <to -JOwj 00 11 —-i— 11
—
i-
—I^CJ — 1— _l w — cc 2.2: 2.2. <£2.
2.H- ««* 11 II II II 11 11 II II II — CJOJ 2: 2. 2.
U-UU CJCCCJ 1— U_l_J ecu LU CJ^-> CJ CJ CJ
-jo. _l»—<CJ
-J'-'cJ ^C~i ->*:c-) cu^:u.'-< OLUC» CJ CJ CJ
—I *•«••*<* «




CJO O O CJ CJ CJ





LL, CO • sU-—
•. •. CT..2_UJ ^w
—
«
LJ U_ *•(— ••(_) <lLJ »
•»r • >-co ».ajrNi uj2_ <c
co w O *\^lu^-} .-4 u_ tx
in t— m j_ •.•-< c\j_>o » •« 2. •• _j
O CO CC OJ(_) LLfi^<lO hh —» •> i—
<\i >-h 2 cj a_o xzizuj _i voi— lu
_j o Q- m lu » xiu. -z. •• «-* z> oc
C) M (•) Ln HI t—O —• UL-HLJ ^- 0)(_)
f* O *£ \— •« Z. CJLJ U_.=£ *-2- r^J MJ 2- •—
•
»—
St) L3 <t -•—4 j£, <£. <l *<-) x<* X •»—J --» — <a
LU >—
t
O 0<- <l <l X -J •* "-L 2_t— *• <li X t.
> CO h- »-< >^— XXI— 0_ X (\JLJO-JO- LL»-" CUQ
cc t-i < u_ ^|— I— I— lu<i cozlu »«oo _j_j lu3 O •"* I— (-J CO h- 2. >- ••oo^:> •• •» »LU
o *£ m h- tx _j u> </) i/) cocjim •-<£:<£:*. u —<—
•
— u.
LJ LL. ii UU_ CO CO LU »-Ot— —«* •* ••XJ 2-*0 »OCO
UJ i-H •—
•
UJ •—< —J LU UJ I O - —VI J. (_)2_ LU H-iw ^--i—
I
C) *— CJ L_> U_ »-i\J _) _J OL <£-*2-LJ*£*C •" -JIM vsi
l_j <l */) •—
•
cO-^»—< v> _J_ •—if— •"—<•—>u>^. *(_) «£. »
_J LJ <l •»-« co v) —• I— a. »-i\l ••—i—JLJ •* 1 I— CO
•-I
_i >- --»^-lo »-4 f-i »«o^i/)ooq.uj2: mo if—
2 U_ O QC O— i-h CO •-"OOXf— -2>f— —IX CDQ.O *H f— •**•>- CO CO _J Q. »-0 »-CX •• »- •• •• •• -Z.
>-t j— z lu «u> j j iu u_t-»r-4«=; ;>x<^ m—» »
t— Z •-* 2- (— _JLr. LU LU Z rQ>—« »-l/)<I. 2_<l i. CJ^U — »
<l LU l_J ULLUt— <£ tl. <?_ (JU^X Jli •• _)-— vO—
CJ (_) C) LU UO "JLU ^. ^C <y. •—«UJt_J •••*-L_»_jLU l_»>\! *-'«U(_>•-< lu l^i >ra «-i>_ <i <a. j_ wiaui-Jii/to xu —*-*
U_ XLT> I/)—»l_l X X V-» •« ••i.LL.LU-^f— *-< •_! i.CJ
O CO UUO> Z CO »rOLU o o o:-^ -~Z> •••>• CvJO H- LU
a: o o »-« >-•— »cy og to<z • ••x-iCx: ox xlu
u. •—i zoo o—^ s]- co r-i — a. lj a. a. <t >-* <i _j •• cuco
J_ •—!—• CO COnT^"<3 COCDL_)U-CUa.2L 21 LJ"* HH
z o cc iu—«w -^.a: q: q; »-o._jslH-co3cl^: X'i) •• •
1-1 <I >--^ LU wt/lUJZOO O a SCO •• »>CO>-<C/TCO •• ••— —•—
\— OCCO \— CCZDkl—'ttU- LL. LL. J— •(—(— •'Qt— «•"? —•-< -OsO
CO I—Z t_) 1— »—»
t
1 >3- —»»-<rOUJD_uj • -<£ c_H-J w«—
H- 2: LUl_l <1 LUCJt^jiy)«-.L/)— L')—LOO ^U_IUXXm _j_j a_m2 •-« s;t-i cc s_<i ixuujoiiioajoxuz «-cj<a<ia. c.jo oi£«£.
•-H «ui- <i-»tJoc ••Lj>-«>'02:c\j^-j<u.ic -x^.2--s:a. oxi r-<a-?
LJ ^»l/) l\JLU>-i XUUJ ••—U^CJCNJCJ'-^LJ »i- »>OU cTZco _J •• * ajaj-7
Q_ IMCt *KX)t— LJvJU'^Cjaj ••^ »-r~»J » i-v) rs) OJtMZLJ OJf-HCO •• LL-OLJ
—.r-<lu im uj •• rr)vf . —» sr co ^-tio^ -? •-XOh- co •>0<i<L » •
LULO-'I— -» ~LLO_-— LL<TlX. *~'LL.OLL~-LL.— LL «—ZO~5Z< •> ••a.Q.'-' •• -•-.—.
oot—oiNr-oojcr-O'-'OoxouDO vj-ocooo ^ t.^s^'ZLLLu »Qa--iK)^
(\JLU<^^ OrO"' t— vt(V <f LLI LU LUX ••'/) wm^HOZZ'O'-w-
• "-•Zct:— —• • —» *z •<—cj) «^- «2! »2 'Z<i-iza.'-!]>;x •>co_jojujwllooq
ooo<i-ouo'-<rj[iJOZ'-'UcQodaouu5:z^oz:iZHwx(ju<a^x
ZJNiaozzo<iO-ii.ai:xzNZN<iNaoof: ^_<lolq aiuoju-iyxz
q.")0'-'^ "-"^ i-h h— co 5^ •—• •—• >-'^^:^:-_J5:Qt— —li-^oo-imcoz
2: XQ i. 21 LU LU LU LU -N^
i^qa^Kii—i<ti<ii.<i. <a<Ki<; <a <. <l <i -^1 <i <i<i <l<i>.
-•W n.V,i-<0 >>s'—
i
ss.'-h*>v QfsCt-^LX^lX^^N. ^ W»_JW»
xzz izzxzzxzxz lu^uj2ccu^:lu2:z z zz<zzz
<?uooao<Hu<iu<D >o>lj>u>ljo a ouuuua
2: i.s:^2C a. 2.^^.^.2.5. 2. <a 2. <l 2. <a 5; <i 2. a. 2. 2^2:—<2.2.s:
2.2. 2.2. 2. 2. 2. 2. 2. 2. 2.2. 2. 2-2.02.2.5.









































































I + O Z OJ x
-h" — cm < O l_>
—
. CD LU —
•
X ^ •-«
Z <~* O «4" —
o
<-» O m^* i—
<
Z*""1 o o o •>
^ c_> cdcd *— <_) <a. >u i»l I— «•
—
« »-• MX COO. f— X •» O O 00
— UJ < | ^•-H> O Z>-» <JJ <-J
+ c_> c_j *— i u-cjo ej <i + lj a. i_) nt
luu l— <i — c/><i_? a. * t— uj i— —OS CO M~»>QdCD -^ OUJLU XI— r-4 •>
(_» O .—H_J CD MOO O 2-00 (_J UJ i£LT\— —• «—
2! O >- «» + DDSS Z w"CQ O CD ZO Z <^J-ivl M M
-*m QC UU i-ilD »w—Z tU + O O XO-J-^-?
•> + —» H- OUJ«— -^UJ^: • UJLUUJ •• —. CO 2C—« (vl cQ O^J- * •» »
coaa 1 o— id —(^^Dy-<j^<i uj ozz-* cm z_ii— • -5 z ^ x. ^ :*:—
xx —1 2: wMxa^CC UJ muu •>< o -o • •"— «••» —
<l<acD iM^rM (_j >-—'^C^alC^) • <—'rvjrvl II Z • O •—ILU I •»-* CJ— •—<C\|vJ- CO OH
i.s.xu-' uj c_j>--~ c/)u_u. ^-3-3 2_CJ» »UJ IICX • 'J OUJ II II II ^LUOUJOUJ
ww<lum+ 1 eJ JO exoo z a. -j ujo.2 -ji— _ji— cjlu + rfi^^: 2£0<£Lr\^:m.£:-«OOi »Cy CD_) II II <l I— II II II • CJ <l_l • CJLJ — vTCJCJuJ OLJ.X.OO ^—<^ I— -> D II II X O II rsl O II UJ • II MvT'->JO^:0^'MNrrNj>r^J^
i^i^iii: m^: o ~>o.o_ r\juo 11 0^-^-'^: -5 m oc m-> -?>* ••lo >-. — — •»
^ II UJ II l/li^XZ ^ UJLU^->-5i._) O—Jl—Q—1-3 CJ 0->00 O O ~3
II II CDw || || _j || >.?-<iy-, || w || ^^^«T—^"d || >T<1 -*<.^- || I— II -T—->TH- II H- II I— II —X LU _J ^-« (_)l-)i.i. LJLJLJ iC UJ LU || UJ JS jt
-*<t<liHj-<^; l_I LU aj
_J _> L). U. .<£ U_ ^i.i cvj r>s| i_) t_) u_ CX fVJ LJaC U_ UL U_ r»J UJ <V4 LJ LJ LJ L_l -«. LJ ^. L_l ^S. I_l







«T UUU1I >T>T CJ
C_>(w>C_) CM U> WU
cMr»i-T •T •T nT'J^OOO CJ O 00






. « (M 1
>o — LL LO *•
~4 <J •- >- LU—» —Iw 1^1 •» •• tX-2_LU
_j rx)-4J » •• •> <jj — <-i j_u_^
•. <o_*u-u o >r •• 2«lo »cd^si
—
.
».iy)ww •> (/) w o -zluz -?
—I \U— LJK- »- CJ <S) CC OJLJ U_(X-£:«q.LJ
w
— noljx cm c\j i-i z o clo xzazuj
o (nj— »z h- —i a a. co lu •» »<u_ **?_
•• :»ipi- •• j_v -• */> inni f— <_)'-< ••u.—ilj
— <a.2_sO— •» "-H O Z I— •»*• Z LOLJ U-^C »-i_rv4
>0 ».|— ^— vO — *U LJ < -».-« Z Z <l -LJ A<1X ~3
r-» ~.J_C_)^ vO tu -« LJ LJ>T «1 <l X —I •> lih •>
«-» vO -LJ—* •»>«/>»— •-• vf^— X X h- Q.X i\iLJO_ia-
LL >^-»
-f— v£J (X t—
i
<t LL wj— \— h- LU<1 LOZLLi -LO
2. —i-U —«x *- IJ (_) '-' t— LJ to t-2T >- -</>*:;>-
LL ^— ^-OZ *-• LJ Z NH (— OC -J (/)</)</) LOL-KM -*£Hm-J
•• <ii\j - * I— i_> u_ ^ ua to to lu -LJt— —i<a. - -_>
«-» ••2_>U-*'~* -i- V) <-H »—t UJ l—l —J UJ LU _J LJ — -LOJL.t_J.itU
v<J <*|-*"U^ - tO (— f> (_J U. -<VJ —I —J cx«_:—<<>-lj.__,__ •"
•—• vy JL —)*-»«_» m |_j <4, c; •—
<
l/J— «~« tO JL'—'I— - •--"—' f > «C
«-» -— it/lf-4 \U —( LJ <1 •••-< f) tO —* f—2- •»tNJ -_J_JL_»
cd m— ll<c_> - i-i _j > — -rto •-< — -cjztocou_LU2.
O vO-?0->_JO vO Z LL O Qi O— >— to MOUXhZ>h
S. —>~— •>•••. «-» CJ h-i I— vj-> to to —) Q- »-0 • Q. » ••
LL tO »»r-l—.-^-^ m h-4 (— Z LU — 0>- —I —• LU *• u_m —< ^> X <£
-
—"~>>-*qoo a. t— z: »-» 5. I— Z)a: uj lu 2 ojh-i »w<ii<i
— >y^w^.»* •- <a LU LJ (XLUI— <£ <Z *£ Ot_)^-«. ii ••




• t VJ »>U ItO sO LJ •—
«
LU u; NTtL »>i. <* «=l J_ f>U-(_)i )J_tOLJ
•> CX-J— f) »._Jl/l *• U. X.0 > l/)-»LJ X X LJ •• 2.lLUJZt->-i
o lu-j-o •-— t-ivO o to ujo z to »-r<iuj o o a.Z «>z> »•••••
o "sl «-*-—su <— q: o a •-' -•—• *-o r\i lo<z •* -x^zx
•$• l — a.vQ*-' i/)i\i a. >-* zto o—' >r en -+ .- ex lj >. a.< >-• <i
•— U-vOC_)*—CJ LUQl I— t-H»-« f) t/)^>T<l tOO<_>Ll_LUi.;>_i_3 Uwi-ou. x z o r>i lu~»w ^.qc ex a: -ajzi-wDa^
oo-» I —* ••Q-z iu—
—
—* < >-» lu w^aizoo o n 5.^ - -to—'toto -
—•Z^JtO-^-^tO •» QOO h- LXtO I— Qi^Z—iCOU. LL LL. |— »•(—»— QH -~>
-•—(UJ—JsO •—• »«Z •» •"</) t— ^ LJ |— •—• t » vj- —..—<r<V_UQ- LU •• ».*i
</)—
—
cc •><— —»no—••— ooy— z lulj <. Luci'^to^—to—to— to<-> *za-juxx*—
•-tOZ-J— i-vO—'v£> w^Z •-• S^' *-* CC ?_<-)>[ilUJOUJOUJUXUZ »U<1<15:
"-OO^U.w<^_iQm
—OH- <3— LJa: fJ>ZO^(M2-i<lit »-XS.i-^.Q- Ly
i/)~^aL>—<— u.uja.uai- lj —to (\hjjm xljlu -^—zj^.lji.njlj—«lj ^^ -ocj »cczi/i _i
>-CO »-Ll.t-i-^Q.'j^>-i •• »-tj. CNJai »Oh LJvj-CJ'^oaj -rvj ».og Nr\j(.j:\l^iJaj>-n/) » a.
LJ>-—» »_t.u t/) (-i ».(_«-»-» —.r-«LU rg lu •» rO vj- ~~ -^ <x> -^to-^~3 •xoi— to »Ly
id -OU- *- > ••—«MMj^u.inw| . na-'ULvriL —u.ou.«-a.wu.w2aoz<i • *-slo.*->
cq—^o- 1—— oto •• »ooi- oi\ii^-oujcj>c~-ooxocou^roa3ULJ -x. -^srzziLLu •-
K <o •« vO_j^UsO^OnOO cnjuk—i—i o:cr« i— <f <-£ <t lu lu lux «-to - »•—i«zh
o
^ x—«<j •«<—»-ma.w^ .^-^,^«_»-. • w .^ .w-o »w »2 «z •Z<^zllcui2 -to—i
o. o^-uaawQi- s:cioou<i-uuowaLuoz ,-iOicuoooL)u>;zjQZ'i2Hi-|LL
o aitJJZ5:zaaiiJ.Q.HZJNiu(jzz!3^u^j"azxZMZNZNauo( ••-^oocu -lj
• XtO LL>-iWUZOOX U_-JLJ»-'ii >-«^ —. (—to X. >— —< wZ^Z-JZ.OH'-'r^LU02: S: JU i >. LULULULU
Z 4S ^V. Ct^. ^J'^>vtL.V.>».ZJ_) ,N.r3>»_)^. LJ^O^O^LJ^^ v. v.^
km <i i.<a luo. 2. <i<i lj <*. <a «2—i -o. a. <a i_ <i <a<i<i<i<i.<a'Q.<i<i <a. <a<a.
Z 13 XZ XZ 2IZ XZZ «ZZXZZXZXZ uj^luzojzujzZ Z Z-C
ct o <o <o zjcj <auoaa<>HO<tuviu >u>u>a>un a ou
^> ex a.5: 2.5: ^2. a.s.2.z2:2-2.»-'2.i.5L2.2. <ii.<ii<ii<iiLi. i. 5.2.
t-LJLU 2; 2. 2. i.2. 2.2. 2. 2. 2. 2. 2. 2. 2.2. 2. i.£-
U->*Z-J LJ (_) LJ LJL-I LJLJ UJ «-J LJ LJ LJ t_J LJO LJ l_H-»
ULLUf) LJ LJ LJ LJO LJLJ LJ O O O LJ LJ LJLJ LJ LJL->
>*J
o
-T LJLJ LJ O LJ LJ LJLJ LJ LJ LJ O LJ O
147

« *£ O '-'
•U —<» •• K-i » M J—
«—vu >r 2. x u_ o
r-4^ <3. -* -4 ^1 LU
XK •« » t_J I—
<XJ X c/l II O UJ
ojs: ^ ^ o
a. •• o — :s
••
—o •—I •"» • <—» C/J
— • o«i— rsl nh _j_j
•mo • z: —
o
inu_ uj r*- ii ^»uu
U_w t— U_ • V.i-1
••in uj •» h- O"*^*!
— « o — O _J I—XX X <. —
I
r*—i uj m i£ — ••ujo
OH U C\J tJUZH
• i. • O »l-HUJl/1
m— r>- uj voh-cj
UL • CX. U_ UC. ILUMOI
w,^ (_j «-» uj UJU.CX
UA>—" U\ ^> »-r— «c£l_/
••2. X U II UJ02.
X«— CO x o —oo
—4 c\| —l • C£ —
••z < zoia cm
II O •• UJ hzoi *-»
m rg a i. H il *
-,(— —i ii <i «- ii j_cm — —
«
• t_> » —. sr
Mill * *-»-»U_ LJLJ HX Ul • II
2.1— U_ (IJ\U »_>*£ -H ^. —
•
uJOQln•-< |o•,,—'ii >—
•O »-.•—ioo cc i j-cm a: •—
i
—»(— UJ I— »0 UJi/) •—•(_)•• •»
hvTJO 2. •—• It •——• U.-«£ •• •< I—O—• *"»
a:<<ti— «-• oi^oa auju. ^ouj -<
<<rz i— ujx o—'OO zoo z ~-
a. »-uj sraar: zt—z oao>-< < i—
•» i_ o x> i-«<uj >-«—,*. u\ j_ uj
i— c_>o>-< <^-i. u-ujuj txuji-jf— cm cj*-" >u o — — ^:
i/)>—«k:i— -<o o > \-> >*-+>-* •coi—"-' inj —ir-< ^ ^ u
—4 >-< O •— U_i—• I— LUUL—Jh-tD I— UJ — *• •• r-sl
>-o-^: —iinmujoi— fiiZ'-'U.uu^. o z » *£ ~> ~> ~j
I— C£<l<i OU_>-ial O <irt)UaJ "JCJUJ >— *£0— •• «— — «—
<£l— O.UJ X »-CMOCXUJ OCQO<t— *£ UJ O^O ~J CO O
o » _.-»,-«, »-<UJC/15: —^OUJUL 2_< CD X—<—-'JO STJ^ *-« UJ UJ ••
ou~o>o^ o:^n-.zx «-cou_ so^i-tn-zo i- cm -t z z ->
zzvO—- o.o-<-^<r<r>- »u.5:uj-«riD«: «-z o - uj o o
UJUJ—'U.IMQ UJCMfO<.UJ iOIJINOO>-<a(MU •—.-^—.—. —.UJO iC rvl r>j -*
OU<Q.yiL OO *5: •-•—• Z.O •CMOOJ. «OC?N}-OOfMNO in*iaj U —> CMi-i m
mujii-i/xz I— »-j "X • cm >?•—• -juj^r- luo—i ro cmocnIvJ"^ go —^ -^(JO_iaiCD2 XXX-'Iin •" »-J_ i>H »• »2.-<ll.X »00 «0 Or>sl • +f-* -II •• II o
>V UJCMOO •—ld.^XNXLL\\ •>«—(\J (MCMUJCM CM~Oi_>—4 || —« -* IM
*s.>v< 2~»rocMorNj^r«io-^'-<-o>x*^ u Xirvvio -^z •>u ,\ •» n i^— •• —- on— on—
_J^\ I— m •« «-« O'-'X U_^-»-' «-*rvj~- «-. w CM «— fM — «—
<.ZZZ DHHl-U.I-Xl-1-l-H I— I— 2.1— —«H-Q Z <T m I— rot— r«ll— CM
oooo o<i<t< *-^ir^<Z'i<.<i <a<t <i. <i-tujuj2.ujoujc^orv-uj>j-ocoujcoo^uj'^uj
»-<2.i-2: QC2.5L2.— 21 »-2:?;2-2: 2.5; •2. Il i.«*(- h-^»l— I— H—c-vJi— IM^: (— CM^ I— (\I-C I—
02.2.2. ajcxixix^cx 11 qc-ulolqc: ulcxujix a. —•—< •—< —< t_j 11 011 o 11 •—
•
UUUU _JUUU'-|U UUUU UUL.lUl/)UlLQC.aU.tX.UlXUUUiN l_ll_)IVI l_)C_jrN( iX





<ru>\o r- im>ajcju--< u^vu p- ^u o000 c_> ^^__(^^ v\j c\ii\j cm m o000 o oooo 00 000





































_J_i szro00 0^:^:XX 1— <->
•• •> ajfij-j00
<a.<a •N ». «-
in om oni 00
vy r^-p- ouaj cj>cr >o
i\j cvjcm CNJCM iVilM CM
148

2. 2. 2. 2. U_ LL. LL
llllll -r^szs:
2is:2:~4 • •» ••
o
-» 2l II II II ft
2.~-»LL •
-» LL 2. 2.HMM «.




CLIO II >-i ^^^^Th-H-I—









I— »-j ^(\iorgc\j(\joooo-oUU UOOUOUUOUOIM
LU LU t\JO CNJ CM (\|i\J (Ni (XJ CM r\J OvJ CNJO









QC'—I— I— I— I— I— 1— 1— 1— 1— 1— 1— 1— 1— ^j


































































<x<i • • «-»
II U(_J -M— 5:
„£ LU •>vU _>^:_J^5.*- »»-«2 HwlilLG «21CJ
-I— C/)xU>-» LL2- LL II II LU ^C -£CJ
1—3—«w 11 11 11 11 -3 u- 2. 0-5 •-•on ii«i-ao
Z>0 h- LLvO — -» CO Q-X
a—1 11 lu <i LLuij lu i_u 11 11 zo 11 -"-< 11 o—-* 11 —i*z II
CCw t— 2_->->^>J> wOO >—*- OJmm ww
CU *£ -> CX <4. <L -Q. <i L_) ^H L_)C_)L_)l_) w_»(_) CM
3U_ -J(Xi_;i/)i/>u;i/j^;^.u_L_)<c^.a.^lLJLUCXJ^ia_u.i/>
















—1 C\J rr,O o O
c» 00 CO
X o o o
< I- H h-
2.






^.www^ww oo X.X.XL O I— I—
a u_ *::*:*: 3C 2: s:o 0.^-3-5-?^^^ • • •
Z—»<<<H-I— l~t— OO ••—— ^- ». .. (_ • I— h-
U. I »-»-i XXX >~>—<c\)rn ->-)->Ot— C^Q —I •• (_)^,|_(_f_w^.w • OJO>>
«-» 5: il ii ii ii ii ii it idoxxx—ii\ir<) ocr>
+ z: ii— cuh- u.olQl—^j>
c\» m— cm 1-4—^.^.—.—.—.— || ii ii _j o—i o_j o
c^cN-^tM^^^ajf_)oo^r\jajujujujuji-ia:txi^:^:^:^:^^: u ii n n n — ii n *r— ii >r— ii «r m
ai/h/)v)wvii//uu^v)^)u>->>> ll. ••••» •> •» •« -<^j -».-»«-. £_ <*jr-* o^ t->
| XXX>XXOOO » XX(X<<«0-5QUOUGCQ 2.— -«. _J_J_J——•—.O—— 00 "^— CO*:— OD—
a.c/>C0t/>L/)O 2rZZZZ2ZII _J_I———l_l_IH--J_J <_J <_J -13
II II II II II II II O II II II II T^-IZOIIwmmmm^w ii —— ^-i>\jrri——— n—
—
(.jcO—OrO—O— cr
h- _J CO —-w— — U.i.X2-21'-'.AJ(T|— 2l ^— C_lt—— cji— c_)_;
—«oj^-<~<i\j—ii\j iNj—•—»i\j_j ii ii ii ii (jwww-<i\jii|«_)iaui-r-h-^^i u-t_) a. u. u_i—
t/jULu.v/>i/ju_u.Lj'-'>c/)i/)^;<4. <_)*£.—<i\j oil— i— i— i_icj»— </>»— j.xx<J.*5.<i.a.^i— c_»u-<s:i-ja.^:uj^:uj
^.x>^.^->->-->-e;^.-x.>-p-c_» —?^£.—j.^.<_j»—«a.u.Q_j_-i_-i_i— ^^ujajujajcuujajr:u>^^uj(_y<—(^ej*—«.i£U>.«£.>x
CM C_> in CJ <_» CJCJ
co cr> c_> <—
'
c\j m<r
c_> o o o o cjo
co co oo co ao ajou
150








r~I JJ - >• lil.-' -.'
>_» ii i— •» *• CX. J>_ lij
U_ ^w-»—. —. _l C_j u_ .+_ .(_)
»• <Q-vUMJ O <T - >-O0 ••Curs)
—
. •.l/)ww ». </) w O »-^UJ^-J
vO m .—n\J v(J in (— •—
i
x ••—• t\l_JLJ •• •
—
• Mj"«cjt— -* lj o*> ct ojlj u_cxz<.o
— —OOX C\J C\J -. Z <J Q.LJ XZCtZUJ
o c\jw -2Z t— _i o q. m uj •• »<ll *z
» ^ni—* •» x i/j •—
•
oo m 01 t—o ^ •'i-^lj
—» <12>U—* • •—
I
LJ „£ f— •— *i (/>(_! U.21 •»2_'>4
>U •+-— >l> «* -4J (_) <l -..^ 21 Z "=» »LJ X.-d^. »--3
>-»
—»XLJ~- \U UJ — LJ OnT <l <l X —1 » •X2_t— •> <l
w sU ••LJ'-* * > 00 — *-* vfr— X X H- O- X C\l<_>0-J0- X
X ——. »-i— >o Ct m < X -^h- t— h- UJ<1 oO«£LU OO _J
2. —f-U—X ^- ID O *-• H-U 00 H- 2 >• »-o0^>- ••X >C^'<}^. —I LJ 4L *~* \— LX.—J 0O OO 00 l/JCJCM »-*£*£:£.LJ —
•
•• <3l\l •••.(— LJ U- Z LJU- OO l/l UJ •>(_>!— —<<l » »•_? 2




UJ •—1-7 LU UJ _J <w> * ••*/> J-LJ2.LU •—
1
MJ —•(—^SJMJ •» OO h- O1 * l_J UL ••VSJ _J _J (X. *£.*-* >-\~t *£.<£. •> _J
«—
• ^J-L. •—1 •— —• —» LJ <l WJ -< l/)«—«—
•
V/> J_»—'I— •*-11—<t/)^C ••
— —» il/)J vU _) UJ -Q. »»-^ l/> l/J t-i (—i. ^t\J ••—J—JLJ e.
co m—x<icj •• 1— -j >- «— vti/) -< m •.qz(/)i/iq.ijj2: •—
a vO-jno->_jo vo 2: x o a: o—•— 00 mooxi-2>i- _i
3E "J—" •••«•*'-- O •—
•
H- >i">- O0i/)_JX »-0 *X »••••» ••
x t/> —<*-.—.-. m m (— z uj »—o> _i —i uj «>x>-<>-<^:^xz m
•• m~>.v0 4;>x) q. 1— 2 —i >- h-_>qh uj uj <£ aji—1 »»oo<i>_'y.i. o
-^ vyi—...^.^ «. <j LU CJ CLUJI— <7 <£. £- O (_J^ X. "-S-i. _»
><J h-«-»X—<l/)<lsU-- (JJ (-) I/) UJ t_)Cy~7lU ^ <£ <l •—-l^LJ »-^.LJ-DUJ LJ
--» i~ti\j •-«_» n/) ^o lj «-• uj (j >ra »-^. <l <i j_ iflauiJiwo x
»• OC—J-^l/) »-_H/) « U. X.(S> (/)— l_J X X <-J •* "illLU^I-w •
o uj-^so •»— —*oo 00 xa>2oo »-rouj 00 a: 2 *•*£> •• •• •• cm
o 3-: •»——.so — a: o o m i-i~. *o 00 e><2: •> »-x^:x a
>r 1 — >.<>— oi(\j Q. •-• ^:oo o~* <f «j —< Mtro2.aqH< _jw u-oo^-O iua I— t-**-" oO (/)sT^"<l (/JOOU-UJiii (_)3 o«— i— ou- x •• z o a: iii>-w —ex: oc cc q__i2_i~oo^(x^ x
OO-* I —• «-CLZ UJ—.— t-H < >-» UJ i-<c/)lUZOO O SI00 • -<S)>-<<S)iS) - -
—<ZOOO->— UO G0>0 H- QC</5 h- OCD^moOu. X X I— •-(—!— »-LJ(— •>") —
•-^^uj-^vO •—« *>*z * »-i/) h-z o k-i—<lj nt -sMdiaiauj •- »-z a
t/)—w<x ».>-»-^vO— -<-£) MJh— Z UJl_) <t UJQNW^(/)-W*WO ZU-lUXXii—
<
_J
«-«soZ3— ^.vo^vu — »—z »-H i-i-i a: 5;<i-j>cijujoujouioxuz »u<i<2: a
-huovOo.^<-z^d>h —(_!»— <— oar. u>zozr\iz^<iii »xj.iz:a ox
l/)—'i-i-i— ILLUU.UQ.h- LJ —»01 (\JLUi-i IUOJ ••—»_)^l_)CMLJ—<LJ »-a. »>00 •>CX ^c/) _J ••
>-OJ U.i-i-.a.U^'-' • *U. iVQC i-Oh LJ>TO—»OOJ »-r>l »-n>j •-f^»\J^yc\j^:0CU'—100 •• XLJ
0>--* h<oi/)ih ^(_-«,^» -»—«aj (\| UJ • m^r —» vj- CO —<oo«£.-3 XQh- 00 »-0<l
-vOX *-w. •> ^^.h-. vOvUU.lTV^-'K—» "ULQ.—•X-TU- »-^-U.OX—'U_«—Xw ?* a~i .
5ILJ >_ 2: LU UJ UJ
a. <i <ilj <i <i a i^i<i4.<i. «a. <t *o, <i «q. <i <i o.<i <i <l«a
f-i^»V. Wi~.(_) >v>-' vv'-'^ CUSaSJCSciNN ^v ^.^-J
xzz »z?^xz<zx^xz: uj^uj^rujiiuj^:-^ z zz<
<ouDoa<iwo<to<ia >u>u>o>cjo o 000
22J"_2 2. 2 2. 2.22.22. 2 ii.(J
l_ILJ LJ(_J LJ UJ LJ LJ LJ LJ LJLJ LJ L_»LJLJ
CJLJ OLJ LJ O LJ LJ LJ LJ LJLJ O UU-I
LJLJ LJ LJ LJ O LJLJ LJ LJ LJ LJ LJ LJ






•XLO U.i-1OOLJZLJ->X a 5:
z Z^x X^'v CCV,
t—1 •q. 2<g. UJ<.
1- •"N. ^s. CD>»
IJ xz xz ^:z
LJ <a <ta 3a
Qd 22 22 Z2
Ljaj 2 2 2
*L-> LJ LJ LJ


























-J 2.LJ X. —
•
u t-xi < LT\
X XXI s: »—
4






sO •" •> LU OQ o O II
w *-.*-* —
»
_J 0* o cn
—< oo -«. 03 + e>Q ww —
«
LJ U LJ LJ -i*a
-J 2.CO «— CL H-X 1- 1— LLCX
U O^C*C z: UL O o LJ3
X (-<-? X l_> CMO O *-•»—
•• ojuj-j •—
I
<£, w * Hlw LO XLU
w •» LJ 2 u> — r^-ar
<I •>•<•. «-» •—
i
«"»»—< *"** "^^ —* —* 2. •»
•• —»^~» ^ h- ^s: CJf\l LU LU 00 — —< ox.-^O—vOvOvO —»w < • o J- —w —^00 5TO Ji^OZ^ww— >£O0 M LU s: •o • U.|t-< uj>—'2: • —o X •«
ujwa_<\jo w_J •—4 00 x 1 OUJO-
•
O'-LL.O' O K — a •
U<IQ-^LL. 2->— S _J «iZ sO <J3-< • cjo—ix -hi— ^riu U ur.^u •-•-LI—UJXI/K2X t—
1
< * *c »2 o 4JW(X •— or • 4f — * »w .—
i
<j
(j.jajaj^ 1—41 1 1 X.O LLUH II 3C—< -< • sU -» XLD i—tjj'-^ a.a.c_)0 »m •
V. o <Q o • II x n it ;>5:om a^>a:>-' CXJOC-^ II —'OQ-OOLJO inx
^^v< <ZZ 2.U II -£— 2:*: 2_<i r^2.^ r-<OQ-2.2: LT) X >»TO
<l<l >«. LJLU i-H II II 2 — -* II II LJlu .su.i/j<_>a_i/> -* n ii n ii LU l/)vO~-_
|
N*"^




2.2.21 |||l 1 <l-^co <lU^«-4 _l<j>—-w— £_>_ _J _Jww< CLt— (XO^-w—<2.ww— 1— _ll— 2-w







LJLJLJ t—<(j (_) u_ «ii u_ <^J LJ Ll_ J- l_J LL. U_ (_J •—•—
t
CJ<4.U_U_LLUlLJU.U_1_JU_'5:J.ULO_<_JI_JLJ <4.(XLJLI.
LJOO OLU <_>•«£._*_) t-t C_J ~3 <i C_3 "3 i-H l_> (_) (_} —4 IJ.—!—ic/Jt/JO^X/iLj"—< —n/)i/)uUO LJ^LL'-'
O r>» r- LJ U> P- LU O <_»O O o .—1 -H •—t —
1
l\J PI
o O o LJ o o <_) o C_J

















































:> C) C_J O
Uh- o UJh-
OH- Mh t-




LU -— •—'r-t «—
x—-o 02C -»o
t-^ O— o
• 1 CJCMO •






•O — — O 51 O CO
cocxh- 2: 5: O — o <
in «cr> <t -< » ox — •-•xxoo
to 2: » I » u_ o i— —• »— —> o—» «— *
2. ———. —1 -»o _j o cjnio mosj—• ou. ex
cMcosrac ac 2;~*moo 010 » -*ovt-m • <^ o « j ~*ocm » to^oo<-oo
^ <!%-»—
•
«_ U) «0 CM • CM C\J r-t^r-IV^LULO M II II UllH/) II II 2: CM r-« 1\|
II -JOLL, ^_ <J,t— Cn II iVIh- II <M II II CM II (MU. II LU «2_ II LU «2_ —CM II II II CM II l| II :m
11 j2 a. _i_jw tM_j on a* cjmu—i » u_-—• —»~» • u_——»<cn on on
— 11 si-jcM-K • —. <£—. —•-. — a: <a:—1—^-li. <^—«-^ul ——-• -»-»-»
'-<—
'2. 11 11 '^-502:0 '2:05.5:0x0 a._j^ :r~<5::>- _i^ y^JOi-ssoxxso
CO «->i. II II II _|_w|— <~> H»'^»K«|--J>-<*'^ II -i<-W II WW II WWW| ^^| ._w|—
i. II <AU)2.^. II >-» <1 <y) •—ic/J V) I «—<>-»c/)<4. 1/)<1 »/>»—•—» C->>—<<l




-' «-<»-<icjcj-J_Ji. >-•»-• a 1 -»)-•o—iooucjco —jo
CJCJCJCJ OO CJ CJ
!* ex) cr> ^-» \\j 01 >xCJCJO-^ •»* "^ -^ •"•












OOc_>oocj-^'^^^—<^-<—'—•'-<—'-< «m cm cm cm cm cm cm cm cm cm pi p)p> P"iPunrooimro%TNr-r-Tvrv}--T^T<}"^TcrMJ\













O — O —.rr>
i—
i
















LUP) CM O CM a. CMON CM O CM II L_l l_) C/XJN
-Jt-imo^ — CJ> e> — 1- »- <:
<cr 1 21 — 2: JO




o 1— *-• l_ll— a. • t—* O CJJ •CM
Ol-— 00 CJ U_ Q — oca>
_j 2:0 S 00 «£ O i. — *^ »
oowo u_ — •— w —» f—
1
•
OOO 2: 1 00 1-2: 1 •-H 2: 00 —n
»»<» UJ <.— »»» — <I fj)*~ —O- *-• — — 2. OCM
2:2: X— —ioir\oc_3 — OCM-J • »—
»




21 a 2" *^>i UL 0— — ^ • 2: UJ *
aa — • 11 II w • II — >—> U. • _l •-•o a. UJ >^ _ICJ
oooin •» •— CjT 11 oinoao ««%0— t r\imvj-Lr\(MOoo»TOO 00 «roo • 00 oo •m
o <-<^-^(J2;uj—
»
— C\J OU-J -^ 1*1
1
r\l2I 1—1 —
• O CM • 11 ^^LU _l <i 2: CM
II C\JU_ II LU ^» • 1/>C/)— IM 11 II •'y>*-»l \l— 11 II CM 11 l\l II II II II CMH- II ti 11 II _J <l _j 0')U'>
II (J>UJ_| •< 5Z21i/)U^ II 2".<Cj>'-' c^ CT* II VO -«. + • u. <w
— a: U-<U-LU2. — —. <a.a_ • II _»
— 2:<-J U__l_l2;^:^Ll-f_)^ 2.— 2T^JOU£ 2.02:02:- 2:2: >:u »2: "^2. 2: S 2:2: 1-1 lTi—O2.W i— —i*—.-— 'HI.IIMI ^-<a\- ^-*— 2. ww|h-"—»«-*—»l— —
•
i— "--2. ^-<V -1—-— •d— —
»
~ «_• II 2. ~-^
MM 1 » l/«l>* v) <4."— <l 1—
1
u) c/> l/>—» <—>•—l<i l/)UJ*-« <i —
<
II II V) II





j»-t vJ>»—>l_) -JU_I(J-IUVH/)J(J>h-J —ti_J -Jl/J^L'—
•
«.i._U>-<ti>J
*J <_> u 01 <w> l_) O CJ UI C_) u> ^*j









CM IM CNJ CM <\i CM
w OPCJU^ IT vr> u> CT> U> l_)cj> CJ> l_> u> o>
15^




















f-H- II I- — II
— 2:OO ~2- o — —
uu 2:— o —• 2.
2. -»—
•
-» OQ — 2100 <.
— x<£ 2: clo *£ w ooH <IM w OOR- M Mf _J
CJ 2Ti. O cx a. 0J
<—O UU O — CL Q—O—
»
—
x: oo ooo os 2; o
h m • i • • + ..—< o • •Q.—.OOUJI— 2IXUJ-«UJ LUO~CL —»UJ O
002.—I002: X >-<•-"OX .2— _JO2I00 UJXID UJ#— <i • •>-* <tjjir« «2: ••»• —— o— oc •
• 'GIL 21 2-0 01—O — inU^ • wUh
o uu-ru •—'—qoqoo •(_")— clo — •omujo o «r--* o 2:0 2:2:2: »o mO O 2I220LHO 02-000 2. «DOI| 2: O II -UJ II ——^ l| ^flOJ——»U>
co cc ii it ii—"— (nj ii ii it — m —» ii it ixm ii ii ii — pi «a. • <i2;u-u_ «-u 'ujo-mnj
cr> h- qo ii o ii ii < ii cr> i-i ill— (^— < u> —.00 —»u.icx^:aj_j • 2:2: c^
»-»_-»OC_j -^-^—. 00 CJ—»—. • s;-*—— 00 27^-t—1\— —t'J"3 (X <U.LL
o si-iuujiusjixsr-j^o 02I2-— u— 2.5i2:-j>oo 2. _j2_~« 11 u._j^:^:-i:c)
f- II —<———— ^Hf— •-<—.-»— >:— XI— —— ^. II I—<l——W I— II — II WW—» H _J—«-»«_^«— i—
1—iC_)<l _j _j»—<(_)<i— <— ->«(_)— u_i ,-* «y. 1/ > 11 u) <A ^_ _j uj<1
o uauitu-iiuu uuuiLUu- u.o u.uuauuauu.*4.uu o —"-At— u_oou_.*.u_<a. u-u-^^'o

































• • 11 11
00
•TU\ sU Is- a>
C\J<\J C\J C\J IM











o CO IM co LO
t—
«
cr> cj cr> Ol m









o o r^CJ CJO LU CJ—
•
•• m c/)2.(_D (/)—
o
o o ~.<s>~* —» a S -^ o X~ SI-
»—
«
uj—i s: —J o *--* 00 CT" U_<— LLS.— t:
~ K| 05I—
—








LU u. IX a «-e> ^ <o 2. -£l-^
II 1 a a. Q. OZ3—?*: ^ I- !—(—< • «• .—1 LU»—
«
w zO • II II cj »O0 U) _l
_/ || «yrl 2.CJ CJ^— r—< ».
C? — II CJ o> • < ii it • oo •-•C/ILU II O It •—• • U-S II 2:2.
II LU-»—.l/)00 II LU || cr* ii 2.CJ J —<LU CJ-* 2.CO •*£ X1«-*LU II C/)»-^« eg
•C/jl/)2_i_ ^m • (\i L1J w~»—
*








< • lu5:-j~5 + • -*u> LU C-lLUO OcO ••— II ZOSl 3 11
^<u.u_2:^: 21—tl—^ —4 CO >>CL •« •" o 2. co oro -» LO< 5. >ru.-22iz^^— wicjios:^ _j-5<-32.2; 2.2: <a «) ii "-MM-a: m»-<z —— II m-j-j*-4 Oww^^-d || <a.^— •«-»w I—'-' "—
•
l/J »-^<— »-» *-i— II ON ^CJ> *-» o> w<a.2. en —h- _i
<l 1/)<IUJ aj-H ~* '-« II n ii a. a. ii LU 2. ii iuUwi II 2.*£ IX
v/JUL^i/ji^; i—
i
CJ i_l U_ U. CJ IX u_ IX u. u_ u_CJ ^L. CJCJU-CJIX CJ LLOU.LL.CJ Ll_l_| CJ
_j -<
_j _j >-. i. —• CJ—I OO CJ I/) —t -j >—' irC _*~3 a.'—' mO 2£ £_J -<»—<(_)•—• U^-hi—«c/)*ccj "j»-«cj *"'
'
IM u\ CULT1 CJ cj CJ CJ UO
VT CT cr>cr a f—
i
CNJ m \TU\
CM CM i\jr\l ni rn m co nioi
V> 1_)CT> cocr-ocr1 CJ uu1 cj cjcr>o CT-CJ cr>o^cj
156











o o o o
— H- I— i-h I—




U-<— LL2~-~ 5" • o —ZOJO^ ^"lil «~ li. O^ 51-72
,-(-< • «. ,_illj,_ w „2?: • •- o •—!?:—<—
II «— C?»—
•
2LO O—I**—I •• -J —- LLQvU
-«cOUJ II O \\ >— • Q.5I II 2:z: Q II — • 21 • O
2:00 »2 s:w uj 11 co—'ST-— cnjs: uj-j-^o—'^uj 11 sroi— —n—
2. O. II oo*^ U_ —* II LLI O OU-' «-~LU U_^ II »- ^)U1 3LU
u. Oi—luo oca «~ 11 zoi 3 11 lu aos « + z: • -» sziiclid -JiiaD
2: co om— m< 5: vj-u .z o 11 00-OLL _i-»q_ 02 ozz
roii»-.m^: rowZw-« 11 m-j-j^ o o •-•m.— 2i_j 11 5:^_j-3(_d >-i no -~>a:
11 c^ wa>— a* ~*<2 a* ~h- _j_j 1—— cr> ^ ^K-^ _j_jh- _i_ih-3
UJ 2. II LU^2. 112,21 LL_JII_> II II 2. UQIILU-JZ: 2LL_IZh-D
* OU>LL-CJU- O LLOCLLLCD U-U CJX CJO-U LL LLU. 2G CJ <l CJ LLU<OUJ^
^ OhmQi-h DZwmW^Q-)mO i-' (jJwMQJ.>Hj^MLLUyHUU 2-^OOCT OJ
o O OO IP. OO
N m ->rir> in <jj co
f> m moi ro mm
157





_j mo •.•»•» o —
.
a. ^«-»— -— -» .—i o
. <CLvOvO O >t
.-» «.O0ww . 00 w
o —» •••—t\j o m h- •—i i •>
--• O—Qh —* O I/) (X CO
—
->OOI CM OJ »-< 2 O Q-O CM— »-Z H _J O Q- fO UJ
•• ^m— •• x oo hh to ir\ en H-
— <12.vO— h- o Z H •—
«
Z 00
o ~h—o «-» o o <a — —< z z <i -
r-* — XO«-» LU "-• O 0--T < <t X -J
— O •-O-' •-> oo J- «-• vl-"— X X H D_
U_ —— *•!— vOa: >-< < LL »—H Kl— UJ
2: —iO—
X
«— Z> O -• HO oo i—
u. :*£~-oz i-l o 2 »-• I— QC-J 00 00 OO OO
•• <c\j . t— u ll z oa. oo oo uj ••
— •.i.xU-— J_ OO »—i t—i LU >-< -5 LU UJ _) LJ
2- O -»l--vO>JJ •• OO (— OO C_) Q. »-(M _j _j a.
<l r-l vOX 1-""- — O <l OO l-H OO——
I
OO J_
a. «— —- «-2.oo--< vo _j o < •"—i oo oo >-< i—
o cq ro—u-<ra •• hh -j > — ^j-oo •—• »—
«
o oo-^o-j-jooz ll <_> a: ow-< «/>•-<
o cd 2: -j— ,..».._ o i-t i_ <j- >- oooo_jcl
«-• a. u oo »—j—>.— ~» ro »—
i
t— z uj ~-o>- —i —i lu ••
I .. t-.~51-0vO^ Q. h- Z •— 2! t— 3a LU u; Z CO
LU (_) —
•
>£)t~ww^ •» <l LU O OT. CUI— Z Z Z O
O HO I—^X—<00<0- O LJ OO LU OCJ-JUJ *£ m «q. •-•O Z —I «-«C\J »-Q It/) vL> O *-" IU O <"Cl »-2. <l < X OO
rri m cc-5—*oo »-_joo •» a. xcr oo— lj X X CJ *
CO o lu-jO *-~ •-•OO oo luoZoo couj o o a
C\J < O 21 ^—»vO «— QC O O •-< >-'— -<-9 fM OQ C<1 t— <t- I -^5T-vO»- OOCM Q. -< ZOO O—
'
<f 00 -* >—
uj • <i — LLvOO^Q lucl h— t-o-. oo ooNr-4-<r oo
lu c\j o 3t o—-h- oil. x 2 o a: uj^— ^ct: c^ o:
oo oo— I —i »-qlS' lu—»— >-< < ^^ iu t-'ooujp'oo o o s:
—> •« >- —IZxOOO-^— 00 »- QsOO \— QiOO J— CtDZwOOU. LL. LL t—
-?2T Ct ••—'LU-50 ••— -2L - »-00 I—Z O h"0 ^ —*—
2T — f— OO— «-*ct: ^~O-<m v0OI- Z LUO < UIQfvlO0<—00—00—>00O ••
n •• "3 lu MvOZD- s. vO^vO ^wz •-< sl«-< a: 5;<T>-ctjujOLjOaiOX
-*: z. 5: ^oe?sou_-'<r~-z—<a—' —oh- <r—oa: o-zoznz-'<O^ ~3 LJ O'Jw^h-.w i-LLUJU.aahO —00 (\JLU»-< IOUJ ^J^L'MD-lO -'5-
ZiX.*-* —» LU >-co U-M-^aoZ 1-' •• *-Cl c\jix »-C3H OW-OOl »-r>j r^J *-MC\JC5
Z. H O 0>-— hO(/)h ^(—^.^, ^.^HLU (NJ LU •- m-f — >f 00 —'O0
Oi •+ <1 O "vOU. •«— -—.-.vONOLLLO'-h-- "LLCL— U<t-LL ••«— LL.OLL ~-U_— LL—'Z
•"H O H Q CD— ^JO—H—— O00 OOhU(MNOUJ0,O*'COIOC0O'fO00OU -
Z2l-yj < < v0 • O_l0v0—OO -o f\IUi<f^-< cr;c^ H sj- cc <t UJ LU LUXddz^u. a lu ll^so •w<^»»_ma.-—w •w2q:>^*-' • « »z .^»o •— »z »z «z<
<od\; z at o—ooo«qi- s:moua<i-uoo'-icujnz'-<ocoocoaoDiauo + i-H cDujzszaciu.ahzjNio'jz2ozczsazxzNZNZNQ.
"3U* o »xoo ll^wozoi cl—>lj—<x: — ^ —* t— OO ii •—' •—' •—'Z
uj-5lo luhos s: s:o2:slululuujZ^ ~3 • Z ZV. DS OC^ DVNU-SNDDNJNJS O^O^O^O^^
•HCQ II ZO l-H LU < 2L< LU< 5C <t <3. (_J <L <I 2 l<5I <a->-«3 <<<?<<«<l<hs ~i hz '"v. i-Ov co^, w\\ \\mu\h\m\ avaNa siiw
"D~Z.\- WZ. 3 «-h XZ XZ 5IZ XZZ «ZZXZZXZXZ UJZUJZLUZU-iZZ
DOZII a: Q \- <to <o DO <00000<'-C<0<0 >0>0>0>CJO
Ct2I3 QZD ct: 3 2-X 2:2: ZS 5.S5:ZS;i.Z.-i2:ii.2 <Z<S.<5:<15.S.
CLlSCJ-JZh-Cj CU U 5. 2. 21 2ZS. 2.2. 2. 2. 2! 2. 2. 2. 2.2.JUUZZUl^ J (X LJ LJ O UU LJLJ CJ U LJ LJ LJ LJ LJ LJ
OOU~3""5a:a:LU 00 CO L_> O O OLJ OO KJ> <^J Kj ^ <*J <~-> i-)<~}
-> ~* v * y * v ~-4
OOOO O OOO OO ><-> <^) 0000
158

— ^JC\imNfm-or- fDCO'-^r\irOvj- 0000000000 OOOOOOOOOOO OOOOO
»j-«j->r->J"Nj-vr<r^""J'^'i-'^irMr\u -\ir\ —^rMr^^m^^-c-oinr^- OOr-cocrO'-'rgmftj-Ln O—'(\in-r




OOOOOOOOOOOOOOOOOOOO oooooooooooooooooooot/; 00 0/(00 00 00




•> •- •> 00
(\J X —» •. >
a. oo s0~
>. ai^--< ft^vo 3 ^~
•> asruj 1 1 l_l cu —
-< IIL2 1*1- CO •ft •-•
LL *-|— •O <o LL *—
*
p^ UJ
» >-o0 lDN CO 2: — O •i >r O
O -ztuzn .—1 LL >t •ft t—t
KH C\JX>0 •• •• 2: •» » CU r—
1
r-( —+
o u. cx^:<o — ^^ •* O UJ » II 00
O XZtfZUJ _j •OH vj- CD in •—
1
X)
I »-<u_ »z: » w3 w. 2! »— —
<
O —• (X-HLJ —
»
mo LU ZD •a* •ft O
U ll^: •-i-rvj 2:>-H CD z: ^v «^ <.
O x<x -—) w I— 2: • >—
<
o:
•> 'Hh •» <s x •» « » > ft--
x Nuoja U-H-l cao »» v. ••
< ooztuj ••(/) _)_) UJ v0 >J- >^ —
»
2: >- »-<^)^:> •ft •» •.LU —
«
< w UJ
uc\j --z^^i-j !«. — CL «tf >r O
U»-'-J <- * -Z2 2TsO sOOO 1— •ft •—1
p l/lXQiOl —"~r •*^t—
t
cu •* «-• «-• ••'
£.-*>- <^)*Z-<£. •» _jni CM ?- • r-t •T<—xoj
»—«|— •>HH,_,t/i.<i CJ 2. * ^. X • Imcx^
2E. C\J ••-J—ILJ -2-_l h-to O pad »o
ozooood-ujs: ""O Ih • t-H LL II '—ft*»—1 «.OOXhZ>h -IX COO- ^» -J CL-~










uzx »>;52. _J— ftO— t— UJ -0 — ll
C/)U *-i-UIDU) CJCM W^J CD 2: >-— • I-H '~LU-J
OlUJlJI^O XO p Iw X u • CO —1-HO
1U.UJZI-" •>_J 2.C-J i<: LU Z2<£ LL —} •ftt—H »ft
z ^z >•>•.•- (NJO |_LU O CD»—' LTl — 1JJ«^
<z -xzx OX XUJ • 02: h-OXUJ
aru:a<w<





>u V." ^ CNI UJ".-Cjjft—
aj^KWDa^ IvO •> » -•0 rooo - O • DZQ.




—<Z <o — 00 »-t'5TOO-)
hi- Oh -? •—1,—
1
^00 O H 1-1 "^LL w|h- — r—
1
rOLUCLU-i •» -^ 00 •~*—* -r ».»—
1
<a: ^fNirn -. (_ZOJQXXh -J
-J 2:m 00 - I— OUJ**" CO • —
.
—2 O
uz »o<.<2: 00 O^^^t-' • <l Q.rnr<) »—<C> •- •-UJUJ K
* xma oxx !--<->-* OO 1—*—
t
U.LO CftJQ-OOod •aczoo _J .ft -ft COCO-DOOOO 2Z-< >o •* »-»-H rg^ft—t— O
NZOCD'-'W •• LLOO OLU _J 0^ •• *— - in II WW O ID
Z"} »-XOt-oO •-o<< •ft *ft ».^ >—
1
>CL — - 11
-h- '-<C10-52< »2" a. 1—1 •- ». „»^ft—. CC a:Q- coo:- - •ft «ft ZUDC ^-- »—
1
* -^XZZLLLU no--vOvOO »f- K< - c - oo^» nO UJMOUJ ^ +
CO .. '-'•--ZHOZZvO^ft^-.~~\±i LU ~ »-. - 3— I—
1
-7— 0>t II
^ZLLCD515: .-OO-JUJUJ*^LLC\JQ>3-X.-^srh-^-X'— • »—<Vsf •« Q.i—' > ••-»ZDDZttZ^H ll < a. ^ a.«-OOOtiJ<NZ •« *roo ^ <• O •»00 ^-ilLIhm—.
Oq: •• »-« 1—• 1/5 cd •OUJLULLOO<X"OUJ<-illiovj- omm—1< "-U^—
.
•ft—1 II Oco — Z CO




•—1 OM »-CO II • -z
s :X-i<XOO ^o<*y< II — -J~3~0^ CD












J - ^^ in
Z ZZ<ZZZ 00 a: z: y-^ y- h- 1— 1— 1- \- ^ t- 1- 1— CD II II II —i x— ftftj^-—.000 •>
ocoaao ZLLI <^<<<<i<t<i<i<r<< II OOZ II HI-LUO^.Zi-'
2: 2: 2:1—2.2:2; iuco<r2:ro2"2:2:2:2: 2:2:2:2:2- rJ^s^ftfCOO II O QCh-
—
2: 2.2.02-2-2: 2. 2. f- CU »-. 1a. a. cc cc a. en ix. a. a: cl uj uj<«i<i2- <i •"O 1—
<
II o»)
U LJt_>(_>CJt_>LJ •—> <1U ••iLJLJOOUOUC_JC)LJLJJCJL)Orvji-vlfvjaja. UJCLCLO' l_)LL OO OO—IOOO UZQLL- LLU-LL U-LL LLLL LLLLLL >->cJCi^.-i-)—)-y—> OCZW^Cii-h-3^:
* * * -n }; * -JCM * )t ^
0-**M











< < MM M -5
^t -5 -5 II —
00 II — II -» -51-
Z -91- "51- 2T








II -»_j — _J CNJ
»— NT * CO • f—4l_>
»-» sT CO •*«3.
CO '-X. —<<: r-<fSj
~z II INI II M II -5
»—1 > •-1-5 •-.-5 »- II
— —1 II II "5




>- -5 •» -5 • -5-» r-4 CM
:*: • •**"^ •.—» •«CM nT NT
—*










•-H- UJ 11 UJ 11 ui 11 1- h-
— CO z>- Z-- ZhH> O O
X
M •» rvi M O O
—'-5 —
-5 in *"—> » M











•—.w 1-4 —( **.**> t-4 CM m» CO ^»^»- • •Oh h Oxt •• OOO OO UJ UJ
—J CD fHUJ—<—IUJOUJ -J-^UJ l-U' r-I^JU-l z z
^•ooo CMX l-O CMZI—
O
OsJZ (NJZ • •
<<< II ^ f—
1
• »-H
I II O •—
"
I II O Oh-. 1 II C
MrvIM a H O— OMO w^ Qrvj 0— OM •~ 0—
->->
-5 2: Z 1 2:-—
.
OZ-J-Z-'OZCOZm ZOZ— stO •cno
cocx UJ>— K^-3-5 STMUJ.^ s tv|LU~^ ,—,;r MLUw • • • •w •0— •
II II II
-5-5 — CO_J—— ~h--5 — ~- 1— -J w~< cnj i-—5 —'—
<
OOO 00 00
1 •- 2 -h-k f—
1
si- •» CO *- r-t •• ^ 11 ^
—-»— II || ^J—
.






+ r-J— + II II II II 11
II r-lCNJfO 00 + COX> + • in OnT • m OfOh- • in OCM>- + «-» +
OCr> ~5*^ H- uj<j><focr>ujcrccoo^3: ujcr>oocns —»-~«-^ — UJ —
** UJ UJ UJ LU LLI —'0^ 21 II
-•s: _JO><i^a>_)cr><~'cr«i— 1 CT1 <t •—* O* —
•






CD-— II II Nl » • rvl -_1 • •- rvi »_Jri| •.•»•> (MO •—^0
»«wwww
—J
co~~ in— co— in— 11 co— in— 11 OOO O—1-0—
Z"^ UJUJLU >-(— -UJ^ II Ohm -5 11 ZUJ II wlUZ UJ II —U. zai II — UJ Owww ^ii-a:^:x
**»- zzzoo Dh 1— r-l_— — 1— 1— Ql-— 1— h-Ol— cc — I-I-Gh-Ol-—— —or.o- ai
mz (_JUi_J3—
J
<.*-> II i. aicu II 2. >—•:5L<a>-" t—"2_<3. >—<<l •—i i.<HH< ZZL*£ 1—1 C)
ou M cvj rvg CD CJL LLICX «-<LJX> CO ILQCi—IIDCCU. CX 1—1 UJ (X rvi u_ cr 1—'UJQf NOS 2-2_ LLQ-CLU- CL2U -5-5-5-5-5 a ^-5_JDiii^-5-5 M^jajjiH jc_jq: _£~3—<-£-lCC^Z~><S>\— 1— t~ 1—il/»l/1>—'1/7
o in mom O ^J
o O -^ CNJ CM m >r





%o r- oou^o —jo —j cm costm »u r- u^o <mm vj-mo r- no u^ —' cm <"* ' tr> vo r- o ic o —'<<"! <r mo r- co cr- o -^
c\jc\irNjrsj(\J<N<NjfM(\jf\jr\jc\jfMr\jooror<ifn(^.rnrnro<^f<lOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
1/) I/O 00 1/) oo oo <~n 00 00 uo 00 00 00 v~> oo Wi 00 <j 1 00 00 <s, 00 00 00 00 00 00 00 00c tr. 00 00 00 00 00 00 00 00 00 00 00 00















a: Z. 11 11 11 -^->
II •H
—»l 1 • «-—»—. ti 11
-»IT\ + UJ .-iCMrn
UJCO + _J • •* •-.—* —~.
00>H- LU • UJ LULL LULU
t—1 »^ O OOOOO
»^vO^-< •—ILL! 1—* t—1 1—n—i t—i
I— -I O
a:uj II «-« LUU.ItU>-l—
Oh- 11 w Z2ZOO
1 11 1 UJ UUUO_l





















































































































































































































































(16) ,FMDB( 16) ,F




CN INDEXES IS 6
(6) ,P2(6) ,P3(6)




TS IN PROPOGATICN LOSS CLRVE IS 2C5
IN TACTICS IDENTIFICATION IS 60
2)
INDEXES IN CLASSIF1CATICN LIST
ITIONS) IS 99











































C T ( 4 1 )
TRY IS 12


























































































/ , N B M
SEGMENTS PER RLN IS 40C
CONSTANTS
EMPCRAL AND SPATIAL SIGNAS FOR RANCO
LEST VALUE CF CIFFERENCE EETWEEN EST
MUM AND CURRENT VALUE WITFCLT CUITTI
/3./,PI/3. 14 1592/,THRC/.9 9/,
PB/4./,K0Nl/l/ ,KCN2/2/ , KCN3/3/





































































































































































ION INDEXES IS 6
1(6) ,P2(6) ,P3(6),HT1(6) ,FT2(6) ,
NTS IN PROROGATION LOSS CURVE IS 2C5
2)
RS IN TACTICS IDENTIFICATION IS 60
,2)


















































P f VELM.ANPTS ,ICHAN,
1 ,DIRMIN,DIRMAX,DISMAX,





























fXFl ,YFltXF2 f YF2
:98) STEPL,STEPB
IF (NPLIND .NE. 1) GO TO 10


















































































, 15, 3X,6HNPTS = , I5,3X,6HMINB =,I5,3X
15,/, 1X,8HTMELTE =,F10.2,3X,
= ,F10.2,/,1X,5HVEL = , F 1 . 2 , 2X , /
,
RTING COORDINATES, /,4F20. 2,/,
NG COORDINATES, /,4F20. 2/, IX, 8FTHRESH '
/,16H FIGURE OF MERIT,F20.2,
OF RUNS PER PROBABILITY CALC = ' , I 5 )
P, STEPL,STEPB
',15,' STEPL = «,F7.2,' STEPB = »,F7




















































































AMAXKABSUS1 - XS2), AES(YS1 - YS2)) + DF +
AXI(XS1,XS2, >F1,XF2) - AM IN 1 ( XS 1 , X S2 , XF 1 , XF2)AXK YSi,YS2,YFl,Yf 2) - AM N 1 ( YS 1 , V S2 , YF 1 , Y F2 )











NSEGMX = (RUNT J-60. J/STEP +



















8866 FOPMAT(« THE NUMBER
STCP
END
































































































































































ION INDEXES IS 6
K6),P2(6),P3(6),HT1(6),HT2(6),
NTS IN PRCPOGATICN LOSS CURVE IS 205
2)
RS IN TACTICS IDENTIFICATION IS 60
,2)
M INDEXES IN C
L






















































IF (NHOkMV ,GE. 2) GO TO 187
SP = SPGRH( IGE) ~CDX
SPI = SPIGRHt IGE)
GC TO 188
SP = SPGRT(IGE) *
SPI = SPIGRT( IGE)
DO 210 K = 1,4
JPM(K) = K
CALL TRSH







C ^ **z x* **'" sfc v' *** *^* J ' -^ ^ *" ^ "^ A 5 * J" "^ it "^ *t
12 K = 2





Vs P ITE (6,7) IQFLG








C MAX. NO. OF BUOYS IS 16






C NUMBER OF POSITION INDEXES IS 6
CCMMON/A/ JPM(6),P1(6),P2(6),P3(6),HT1(6),FT2(6),
*HT3(6) ,TD(6)
C MAX. NO. OF POINTS IN PROPGGATICN LOSS CURVE IS 205
CCMMON/A/ PLC(205)
CCMMON/A/ JZONET( 12)
C NO. OF CHARACTERS IN TACTICS IDENTIFICATION IS 60
CCMMON/A/ IDT(12)
CCMMON/A/ KGC(17,2,2)
C MAX. NO. OF GEOM INDEXES IN CLASSIFICATION LIST
C (INCLUDING REPETITIONS) IS 99
CCMMQN/A/ KG I (-99)
C MAX. NO OF CHARACTERS IN GEOM. IDENTIFICATION = 16
CCMMON/A/ IDENT(4,4C)
C MAXIMUM NO. OF GEOMETRIES IS 40
CCMMON/A/ RADIUS (40) , SPGRT(40) , S P I GRT ( 4 ) , S FGRH (40 ) ,
SPIGRH(40) tJBU0Y(41 ) t JPL0T(41
)
C AVERAGE MO. OF BUOYS IN A GEOMETRY IS 12
COMMON/A/ KXB(480) ,KYB(480)
NPMAX,NSGMAX, ITM,SIGR,SIGB,PI,THRC,STEPL,

















































































































































































































































































































































M 5< K K K"










N^ K K K
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= JCOUNT + 12
= SIGB*( SUM - 6.0)












P.LE. 1) LSUB = -10
TS - NSUB
.GE.PLC(NR) ) GOTO 164
- NSUB
T.O) GOTO 62
B.EG.l ) GOTO 95
1
+ LSUB
.EQ.LSUB + 1) GOTO 163
- 1((ANFM-PLC(NR))/(PLC(NR+1) -PLC(NF) ) )
M.GT.66.0) R = 10** ( ( ANFM-66 . ) / 1 7 .0 )













GF(K) .LT.O.O) GOTO 95
RGE(K).GT. DISMAX) DLARGE(K) = DISMAX
X.LT.DLARGE(K))DMAX = DLARGE(K)


















ISMAX) DIS = DISMAX





























XS = XS + DELTAX
YS = YS + DELTAY
DMIN = DMIN + DELTAD
JFLAG = -1
DC 60 N = 1,NB
IF (DMIN.GT.DLARGE(N) ) DLARGE(N) =-1.0
IF (DLARGE(N) .LT.O.O) GOTO 60
FLAG SET TO INDICATE THAT THERE ARE MORE BUCYS TO BE TES
JFLAG = 1
IF (DMIN.LT.DSMALL (N)) GOTO 60
C(N) = SQRT((X3(N) - XS)**2 + ( YB (N )-YS )**2 )
IF (NPL IND.EQ.O) GCTO 43




PL(N) = PLCUC+1) + (PLC(IC + 2)-PLC( IC+1) )*(C(N)-AIC)
GCTC 46
IF (C(N ).GT.1.0) GCTO 44
PL(N) = 66.0
GCTO 46
PL(N) = 17.0*AL0G1C(C(N) )+66.0
COMPUTE SIGNAL EXCESS FOR EACH BUOY
SE(N) = FMF(N) - PL(N)
INCREASE FCM BY 2 DB FOR ALERTEC OPERATOR
IF( INDALT. GE.J)SE(N) = SE(N) +'2.0
I F(SE(N) .GT.O.O) I I = T I + 1
CCNTINUE










IF (UA.LE.O) .0R.( IA.GE.4) ) GO TO 240
GC TO ( 128, 124, 122) , IA
II .C-E. 3
HCLD3 = .TRUE.








HTM1 = HTM + STEP
INDALT = J + 0.5 + 20. /STEP
IF( JJ1.EQ.1) GO TO 126
TDM = TCM + TSTART + J^STEP
NFD = NFD + 1
JJ1 = 1
IF (( IA.LE.O) .OR .( IA.GE.4) ) GO TC 134
GC TO ( 120, 130, 132) , IA
IF( .NOT . H0LD1 ) GOTO 130
NHT1 = NHT1 +1
FCLDl = .FALSE.
IF( .N0T.H0LD2) GO TO 132
NFT2 = NHT2 + 1
FCLD2 = .FALSE.
IF( .N0T.HCLD3) GO TO 134




69 IF (.NOT. HCLD1) GO TO 51
169

NHTl = NHT I + I
IF(.NOT. HCLD2) GOTO 51
NFT2 = NHT2 + 1
IF( .NOT .HOLD3) GOTO 51
NHT3 = NHT3 + 1
51 CONTINUE
IFUJ3.EQ.I) GOTO 55
IF( JJ2. EC.l) GOTO 65
IF(JJl.EQ.l) GOTO 75
GC TO 137
55 AK3 = AK3 + l.O/ANRUNS
65 AK2 = AK2 + l.O/ANRUNS





145 IF(NHT1 .EQ.O) GOTO 155
HTM1 = HTM1/FL0AT(NHT1)
IF(NHT2 .EQ.O) GOTO 155







C MAX. NO. OF BUOYS IS 16
CCMMON/A/ XB( 16) ,Y8(16) ,FMDB( 16
)
,FMF( 16) ,C( 16),PL( 16),
* SF(16)
CCMMON/A/ II,JJl,JJ2,JJ3,AKl,AK2,AK3,INDALT t
*FN,TDM,HTM1,HTM2 ,HTM3 , SP,
*SPIfSPF,SPO,SPl,CD,CDI ,
-CCD,IGEA,NFD,LS,LAS,NHT1,NHT2,NHT3,NF,LSA,CD1
C NUMBER OF POSITION INDEXES IS 6
COMMON/ A/ JPM(6),P1(6),P2(6),P3(6),HTI(6),FT2(6),
*HT3(6) ,T0(6)
C MAX. NO. OF POINTS IN PROPOG£TICN LOSS CLRVE IS 205
COMMON/A/ PLC(205)
CCMMON/A/ JZ0NET(12)
C NO. OF CHARACTERS IN TACTICS IDENTIFICATION IS 60
CCMMON/A/ IDTQ2)
CCMMON/A/ KGC(17,2,2)
C MAX. NO. OF GEOM INDEXES IN CLASS I F I CAT I CN LIST
C (INCLUDING REPETITIONS) IS 99
CCMMON/A/ KGK99)
C MAX. NO OF CHARACTERS IN GECM. IDENTIFICATION = 16
CCMMON/A/ IDENT(4,40)
C MAXIMUM NO. OF GEOMETRIES IS 40
COMMON/ A/ RADIUS (40) , SPGRT(40)
»
SPIGRT(40) ,SPGRH(40) ,
* SPIGRH(40) ,J BUOY (41 ) , J PLOT (41 )





* NRUNS, JJNO,NCET,LCCN,MCCN, IC0N,T1,T2
CCMMON/A/ L,DF,KN,CDX,LPT,XSl,XS2,YSl,YS2,XFi,XF2,
* YF1,YF2, MINBf MAXB,STEP,VELM, ANPTS » I CHAN,
* ANRUNS,KK,LT,M1 ,N6,FMl ,CIRM.IN, DIRMAX,DISMAX,




LCGICAL GEO END, AC , HOL Dl , H0LD2
,
FCLD3 , L I N , L IM 1 , L F
A
CCMMON/A/ GF0END,AC,H0L0l,H0LD2,HCLD3fLIV t LIMl,LFACCMMON/A/ BSPF, BT CM , BHTM 1 , BHTM2 8HTM3 , 3 AK 1 , BAK2 ,
* BAK3,ISEEC,NPTS, I OUT,
F
NCT , NNFD , J J
N








1CC0 LIM = .FALSE.
1100 LS =
108C LIM1 = .FALSE.
IF (LPT .LT. 3) GO TO 1010
IFUAS.GE.5) GOTO 1210
C
c COMPUTE COORDINATES OF STARTING AND ENDING RECTANGLES



















1C10 LSM = LS
IF (LSM .GE. 8) GO TO 1210
SFIM = SPI
IF( (LSM .NE.3) .AND. .NOT. LIM) GOTO 1015




1C15 XSF = SP
IF (LSM .NE. 0) XSP = XSP + SPIM
IF (LSM - 3) 1031, 1018, 1040
1018 LT = 3
WRITE (6,2) LT
2 FCRMAT <4H P ,5X,4FLT =, 15)
CALL REFN













SPMIN) GO TO 1032








IF ((LSM.LF.O).OR. (LSM.GE.3)) GO TO 241








IF (LIM1) GO TO
SPI = -SPIM
• LIM1 = .TRUE.
GC TO 1010






1037 SPDIF = SPLIM -
SPIM = ,5*SPIM
LIM = . TRUE.
IF (ABS(SPOIF)
SP












































XE(J) = FLOAT (KXB( IND) )
YB( J) = FLOAT(KYB( IND) )
INC = IND + 1




















IF (L.EC.O) GOTO 1170








DATE STATE OF SET Ml
C IP = 2-<LSM - L























IR.GT. 14) ) GO TO 3020
302
GdTO (3030,30 20, 3030, 3 04 0,3050, 3060, 3070, 3C80 T 3070»
* 3020,3083, 3020,3070,3087) , IR
JPM(4) = JPM( 1)




























































































































































MAX. NO. OF BUOYS IS 16
CCNMON/A/ XB(16) t YB(16),FMDB(16),FMF(l6),Ctl6),PL(16),
* SE(16)
CCMMON/A/ II,JJltJJ2,JJ3,AKi t AK2»AK3tINDALTt
*F>,TDM,HTM1,HTM2,HTP3,SP,
CD, CD I ,
LAS T NHTl,NHT2,NHT3,NF,LSAfCDl
NUMBER OF POSITION INDEXES IS 6
CCMMGN/A/ JPM(6),P1(6),P2(6),P3(6),HT1(6),FT2(6),
«HT3(6) ,TD(6)




C MAX. NO. OF POINTS IN PRCPOGATICN LOSS CURVE IS 205
CCMMON/A/ PLC(205)
CCMMON/A/ JZCNE"!"(12)
C NO. CF CHARACTERS IN TACTICS I CENT I F I CAT ION IS 60
CCMMON/A/ !DT(12)
CCMMON/A/ KGC(17,2,2)
C MAX. NO. OF GEOM INDEXES IN C
L
ASS I F I C AT I CN LIST
C (INCLUDING REPETITIONS) IS 99
CCMMON/A/ KGK99)
C MAX. NO OF CHARACTERS IN GEOM. IDENTIFICATION = 16
CCMMON/A/ IDENT(4,40)
C MAXIMUM NO. OF GEOMETRIES IS 40




C AVERAGE NO. OF BUOYS IN A GEOMETRY IS 12
CCMMON/A/ KXB(430) ,KYB(480)
CCMMON/A/ NPMAX,NSGMAX t ITM,SIGRtSIGB,PI,ThRC»STEPLf








* NHOWMVt NPLINDtNSEGMXt RFRNGE,THRFSh,




CCMMON/A/ GEOEND,AC,HOLD1,HOL02 , HCLD3,LIN , LIM1,LFA









IF((LT .LT. 0).OR.(LT .GT. 3))G0 TO 5020
GC TO (5010, 5020, 5030) , LT
C
C LT = 1, THRESHOLD TEST
501G IF (AK1 .GT.THRESH) L = 1
RETURN
C
C LT = 2 OR LT .GT. 3, COMPARISON TESTS
C KK HAS INITIALLY BEEN SET TO JPM(4),(FCP
C THRESHOLD/OPTIMUM) OR TO JPM(L),L = 5 CR 6
C (FOR AREA MAXIMIZATION)
50 2C K = JPM(LT)
IF (PKKK) .GT.PKK) ) L = I
RETURN
C
C LT = 3, OPTIMUM TEST
5030 K = JPM(l)
D = Pl( K)
K = JPM(2)
E = Pl( K)
K = JPM(3)
F = PKK)




9C NAX. NO. OF BUOYS IS 16





*FN f TDM, HTMl,HTM2»HTN3 t SP f
*SFI,SPF ,SP0,SP1,CD,CDI,
*CDDi IGEA,NFD,LS,LAS,NHT1,NHT2,NFT3,NF,LS£,CCI
C NUMBER OF RHSITION INDEXES IS 6
CCMMON/A/ JPM(6) ,PK6),P2(6),P3(6),HTK6),hT2(6),
*HT3(6) ,TD( 6)
C MAX. NO. OF POINTS IN PROPOGATION LOSS CURVE IS 205
CCMMON/A/ PLC(205)
CCMMON/A/ JZONET(12)
C NO. OF CHARACTERS IN TACTICS IDENTIFICATION IS 60
CCMMON/A/ IDT(L2)
CCMMON/A/ KGC(17,2,2)
C MAX. NO. OF GEOM INDEXES IN CLASS I F I CAT I CN LIST
C (INCLUDING REPETITIONS) IS 99
CCMMON/A/ KGM99)
C MAX. NO OF CHARACTERS IN GEOM. IDENTIFICATION = 16
CCMMON/A/ IDENT(4,40)
C MAXIMUM NO. OF GEOMETRIES IS 40
CCMMON/A/ RADIUS(40),SPCRT(40),SPIGRT(40),SPGRH(40),
* SPIGRH(4C) ,J3U0Y(41) , JPLCT (41
)
C AVERAGE NO. OF BUCYS IN A GEOMETRY IS L2
CCMMON/A/ KX3(480) ,KYB(480)
CCMMON/A/ NPMAX,NSG>AX,ITM,SIGR,SIGB,PI,TFRC,STEPL,





* ANRUNS,KK,LT,M1,NB,FM1 ,DIRMIN,DIRfAX,DI SMAX,
* NHOWMV, NPLINCNSEG MX, RFPNGE, THRESH,















C GET GEOMETRY DATA SUBROUT INE , I F GEOEND = TRUE
C NO ADDITIONAL GEOMETRIES ARE AVAILABLE
IF (IGFLG .EO. 2) GO TO 60C0
4000 IF (KN .NE. 0) GO TO 4110
4100 GECEND = MINB .GT. MAXB
IF (GEOEND) GO TO 4060
N = MI NO(NHOWMV, 2 )
II = KGC(MAX3, 2 , N)
KN = KGCCMAXB + 1, 2, N) -II
MAXB = KAXB - 1
IF (KN .FQ. 0) GO TO 4100
4110 IGE = KGK ID11=11+1
KN = KN - 1
C
C COLLECT GEOMETRY DATA
C
6000 IB1 = JBUOY( IGE)
NB = JBUCY( IGE + 1 ) - IB1
BUOYSP = (KXB(IB1)-KXB(IB1+U )**2 + (KYB(IBl)
*- KYB( I Bl+1) ) *^2
BUOYSP = SQRT(BUOYSP)
SPMAX = RFRNGE / RADIUS(IGE)




































































A/ XB( 16) ,Y
SE(16)

































ION INDEXES IS 6
1(6),P2(6),P3(6),HT1(6),FT2(6),
NTS IN PROPOGATICN LOSS CLRVE IS 2C5
2)
RS IN TACTICS IDENTIFICATION IS 60
»2)












































































S IN A GEOMETRY IS
(480)
,







,M1,NB, FM1 ,DIRMIN,DIRMAX,DI SMAX,





TMl,BHTM2 ,BHTM3 ,BAK1 ,EAK2,
PTS, I OUT, FMCT,NNFD,JJN
INE TO PRINT 1ST PART
( 12H1GE0METRY ID, 4A4)(30X,21HSPACING (NAUT. MI.) =,1X,F5.C)
(20X, 31HMEAN TIME TO DETECTION (MIN.) =,F5.0




(17H NUMBER CF EU0YS=,I5/)
1X,32HEFFECTIVE RADIUS OF










IX, 14HPR0BABILITY OF, 12, IX, 7H0R
TANIOUS DETECTIONS =,1X,F7.2)
(22h CONTINUOUS MONITORING)
LG .EQ. 3) GO TO 8000
6,2004) ( ICENT( I,IGE ),I=1,4)
6,2018) NB
6,2036)
= NO DETECTION, , IX


































INE TO PRINT 2ND PART

















































































TO PREPARE CATA FGR PRINTING
Q. 0) GO TO 8005
L,NB
AT (KXB( IND) )*SP
AT (KYB( IND) )~SP
1
. 3) GO TO 3085














































































































































































































Y c t c i a






ICN INDEXES IS 6
1(6),P2(6),P3(6),HT1(6),FT2(6),
NTS IN PROPOGATIGN LOSS CURVE IS 205
2)
RS IN TACTICS IDENTIFICATION IS 60
,2)
M INDEXES IN CLASSIFICATION
TITIQNS) IS 99
LIST













































































9007 JPM(K) = K
IF (NHOWMV .GT. I) GO TO 90 10
































IF (GEQEND) GO TC 9320
IF (NHOWMV .GE. 2) GO TO 9017
















KK = JPM( 5)
LT = 2
J = 2*LASM - LSM + 10
IF(U.LT.l) .OR. (J.GT.10)) GO TO 9046
GC TO (9050, 9070, 9080,9 130,9140, 9150, 9160,9180, 9200, 92
LSA =
GC TO 9220









IF L=l, the OLD VALUE IS BIGGER THAN TFE NEW VALUE
IF (L .EC. 1) GO TO 9100
GCTO 91 10
CDI = -CDI
CD = CD + CDI
LAS = 3
LSA =


















IF L=l, THE OLD VALUE IS BIGGER THAN TFE NEW VALUE
IF (L .EC. 1) GO TQ 9173






























































IF ( (LASM.LE.O) .OR. (LASM. GE .6) ) GO TO 9226












CDI = CDLIM - CD
CCD = CDLIM
LFA = .TRUE.
CD = C D D
IF (LSA.NE.O) SPO = SP
















C D I * . 5
CC + CDI










KK = JpM(6 )
CALL REFN





0) LT = 5
9295, 9310
,THE VALUE FROM
1) GO TO 9292
























IF (J .EG. 0) GO TO 9310
SAVE VALUES
K = JPM(L )
JPM(L) = JPM(J)
JPM(J) = K
IF (AC) GOTO 9030
GO TO 9C10




N = I ABS(IG C A)


























SUBROUTINE TO READ GEOMETRY DATA INTO PROGRAM
VAX. NO. OF BUOYS IS 16
CCMMON/A/ XB(16),YB(16) ,FMDB( 16 ) , FMF ( 1 6 ) , C ( 16 ) , PL ( 16 ) ,
* SEU6)
CCMMON/A/ II,JJL f JJ2,JJ3,AKltAK2fAK3tINDALT,
*FNfTDM,HTMl,HTM2,HTN3 t SPi
*SPI ,SPF ,SP0»SP1 ,CD .CDI,
*CCD,IGEA,NFD,LStLAS f NHTl,NHT2,NHT3,NF,LSA,CDl
NUMBER OF POSITION INDEXES IS 6
CCMMON/A/ JPM(6),P1(6),P2(6),P3(6),HTI(6)»FT2(6),
*HT3(6) ,TD(6)
MAX. NO. OF POINTS IN PROPOGAT.ICN LOSS CURVE IS 205
CCMMON/A/ PLC(205)
CCMMON/A/ JZ0NETQ2)
NO. OF CHARACTERS IN TACTICS IDENTIFICATION IS 60
CCMMON/A/ IDTQ2)
CCNNON/A/ KGC(17,2,2)
MAX. NO. OF GEOM INDEXES IN CL ASS I F I C AT I CN LIST
(INCLUDING REPETITIONS) IS 99
CCMMON/A/ KGM99)




C MAXIMUM NO. OF GEC M ETRIES IS 40




* SPIGRH(40) ,JBU0Y(41 ) , JPLCT(41 )
C AVERAGE NO. n F BUOYS IN A GECMETRY IS 12
CCMMON/A/ KXB(480) ,KYB(480)
CCMMON/A/ KPMAX, NSGMAX, ITM, SIGR,SIGB,PI ,TFRC, STEPL,





« ANRUNS, KK,LT,M1. ,NB,FM1 ,CIRMIN,DIRMAX,DISMAX,
* NHOWMV,NPLIND,NS c GMX, RFRNGE, THRESH,




LCGICAL GEO END, AC , HOL Dl , HQLD2 , FC LD3 , L I N , L !M1,LFA
CCMMON/A/ GE EN 0, A C, HOL D 1, H OL D 2, HCLD3, LI N,LIVL,LFA
CCMMON/A/ BSPF, BTCM t BHTM I , BHTM2 , BHTM3 , 3 AK 1 , OAK 2,
* BAK3,ISEED,NPTS,ICUT,FMCT,NNFD,JJN
DIMENSION KG(4), KGS ( 4 , 40 , 16 ) , KXBT(L6), KYeT{16),
*NGE(40,4)
C NUMBER CF GEOMETRIES IS LO
DATA NGMAX/10/
998 FORMAT C1GE0METRY NO.', 13/' GECMETRY ID «,4A4/
*• NUMBER OF BUOYS', 13//' TARGET APPLICATIONS')
997 FCPMAT (5X,4A4)
996 FORMAT ( ' 0' , 7X , • BUCY DATA'/'OBUCY NO. X Y'/
*( I5 T I9, 18)
)
994 FCRMAT (3{I3, ','), 13)
993 FCRMAT (7(13, ' , ) , 13)
992 FCRMAT (11(13, ','), 13)
985 FCPMAT CORADIUS =',F9.2/)
1000 FORMAT ( 4 A4 , 4 I 1 , 2 I 5/ 5F8.2)
100 L FCRMAT (1615)
1002 FCPMAT(80A1)
IGE = 1
CC 10 I = 1,4
DC 10 NB = 1, 16




90 REAC(5, 1000,END=220)(ICENT( J, IGE),J=1,4),(KG(I),I=1,4)
*, NB, NP, SPGRT(IGE), SPIGRT(IGE), SPGRH(IGE),
* SPIGRH(IGE), RADIUS(IGE)
WPITE(6,998) IGE, ( I CENT ( J , I GE ) , J=l,4), NB
DO 100 I = 1,4
IF (KG( I ) .NE. I) GO TO 100
J = NGF(NB, I ) + 1
KGS(I, J, NB) = IGE
NGE(NB, I ) = J
100 CCNTINUE
C
JEUOY( IGE) = JBM
JPLCT(IGE) = JP
READ(5, 1001, END=210) (KXBT(I), KYBT(I), 1=1, NB)
WRITE(6,996) (I, KXBT(I), KYBT(I), 1=1, NB)
J = 1
LIMT= JBM + NB - 1
DC 105 I=JBM,LIMT
KXB( I ) = KXBT( J)
KYB(I) = KYBT(J)
105 J = J + 1






















SFIGRT (IGE) = 0.0
IF (KG( 1 ) + KG(3 )
SPGRH(IGF) = 0.0
SPIGPH( IGE) = 0.0
WPITE(6,985) RADIUS(IGE)
JP = LIMT+ I
NE. 0) GO TO 1420
IGE = IGE 1
IF (IGE .LE. NGMAX) GO TO 90
JBUOY(IGE) = JBM





DC 240 NB=L» 16
KGCCNB, I, J) = L
N = NGE(NB,K)
IF (N .EQ. 0) GO TO 240
LI = L
DC 230 N=1,N
KGKLI = KGS(K, M, NB
)
L = L + 1
CONTINUE
LINT= L - 1
CONTINUE
KGC(17, I,




JP = JP -
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